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PREFACE TO THE FIRST EDITION. 



The essay reproduced herein was orig- 
inally prepared for the annual report of 
the State Board of Health of Rhode Isl- 
and. It was written both for profes- 
sionals and laymen. Having met with a 
favorable reception, it was thought worth 
while to increase its utility by republish- 
ing it in an improved and more accessible 
shape. Many parts were accordingly re- 
written, others were modified and omis- 
sions corrected. Such omissions, how- 
ever, are sure to occur in any edition of a 
book containing descriptions of modern 
plumbing apparatus, as new appliances 
are continuously invented between the 
time the book is written until it is print- 
ed and published. 

Many cuts of the original report have 
been omitted, particularly those illustrat- 
ing plumbing fixtures, as these are con- 
tained in the well-known catalogues and 

1 
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circulars of manufacturers of plumbers' 
supplies. 

The author takes this opportunity to 
express his obligations to many friends 
for valuable hints and suggestions, which 
he has endeavored to embody in this im* 
proved edition. He would be glad if this 
little volume should prove to be of in- 
terest and value to architects, sanitary 
engineers, plumbers, sanitary officers, 
and householders in general. 

W. P. G. 

Newport, R. I., December, 1882. 



PREFACE TO THE SECOND EDITION. 



This new edition has been carefully 
revised, and many additions have been 
made to the subject-matter. 

May this little book, in its improved 

shape, find as many friends and meet 

with as kind a reception as the first 

edition. 

The Author. 

New York, May, 1884. 



PREFACE TO THE THIRD , 
EDITION. 

In revising the pages of this book for 
a third edition, I have deemed it best to 
make as few changes as possible. The 
general principles of house drainage have 
not been materially altered or modified 
since the first and second editions were 
written, in 1882 and 1884. Perhaps 
there is now, more than ever before, a 
tendency towards simplification of the 
plumbing work, and this is thoroughly 
in accordance with the views always held 
by me. 

In discussing the various types of 
closets I have omitted in the new edition 
any mention of the closets of the more 
prominent makes, first, because the many 
well illustrated catalogues of dealers and 
manufacturers in plumbers' supplies give 
a sufficiently accurate idea of the con- 
struction and method of operation of 
these closets, and second, because there 
are now so many kinds in the market as 



eo render it impossible to mention them 

all. 

The reader is referred for further de- 
tails regarding sanitary drainage of build- 
ings to the author's companion-volume 
in the Science Series, entitled " Recent 
Practice in the Sanitary Drainage of 
Building s y with Memoranda on the Cost 
of Plumbing Work." 

Wm. Paul Gerhard. 

New York, December 1, 1890. 
36 Union Square, East. 



PREFACE TO THE SIXTH EDITION. 

No changes were deemed necessary for 
this new edition, but the author desires 
to acknowledge his gratitude for the con- 
tinued appreciation of this little book, and 
begs to call the atteution of those inter- 
ested to the fact that the Science Series 
now includes four volumes, viz. Nos. 
63, 93, 97,- and 111, in which he discusses 
plumbing, house-drainage, sewage dis- 
posal, and gas-fitting, and which, to a 
certain extent, supplement each other 
and should therefore be read together. 

Wm. Paul Gerhard. 

New York, March 1, 1894. 
36 Union Square, East. 
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HOUSE-DRAINAGE 



AND 



SANITARY PLUMBING, 



Many erroneous ideas still prevail about 
" sewer-gas" and its danger to health Which 
arises, by having so-called "modern con* 
veniences" in our dwellings. It is the 
purpose of this paper, without in any 
way adding to the "plumbing scare/' 
clearly to define wherein the danger con- 
sists, but at the same time to establish 
rules for the proper draining and plumb- 
ing of houses, which, if carefully ob- 
served, will secure to the anxious house- 
owner work of superior quality and of a 
positively safe character. 

Plumbing fixtures, which were con- 
sidered a luxury years ago, are now be- 
lieved to be necessary, not only for com- 
fort and convenience, but also, and even 
more so, for health and for cleanliness. 
Even a small house is nowadays generally 
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provided with a kitchen-sink, a water- 
closet, and sometimes a bath-tub, while 
in a costly modern residence, arranged 
with an elaborate system of plumbing, we 
find kitchen, pantry, and scullery sinks, 
slop-sinks, laundry-tubs, stationary wash- 
basins in closets near bedrooms, a great 
number of bath or dressing rooms, with 
water-closets, urinals, bath and foot tubs, 
bidets, and other fixtures. 

The suggestions and recommendations 
of this report apply with equal force to the 
drainage and plumbing of tenements, small 
houses, costly residences, villas, apartment 
houses, hotels, factories, school-houses, or 
other public buildings. As every plumb- 
ing fixture is not only an outlet for the 
waste-water to the drain, but possibly may 
become an inlet for drain-air, the danger 
increases with the number .of fixtures. 
A multitude of fixtures require a large 
number of soil and waste pipe stacks, and 
the chance of leakage of sewer- air through 
defective joints increases correspondingly. 
But be the house large or small, be it a 
mechanic's cottage or a wealthy merchant's 



palace, its drainage and plumbing system 
should always be so arranged as entirely 
to exclude any possibility of the escape 
of noxious gases from the house drain or 
sewer. 

SEWER-GAS. 

I shall, first, briefly consider what is 
meant by the term "sewer-gas." This 
term, as Prof. W. Kipley Nichols has 
truly said,* is " an unfortunate one, and 
gives rise to a quite widespread but very 
erroneous idea. Many seem to suppose 
the ' sewer-gas 9 to be a distinct gaseous 
substance, which is possessed of marked 
distinguishing characteristics, which fills 
the ordinary sewers and connecting drains, 
and which, as a tangible something, finds 
its way through any opening made by 
chance or by intention, and then, and 
only then, mixes with the atmospheric air." 

What is popularly known as "sewer- 
gas" is a mechanical mixture of a num- 
ber, of well-known gases, having their 

* See Prof. W. Ripley Nichols* report upon chemical 
examination of the air of the Berkeley-street sewer, in 
Boston, Mass., 1878. 
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origin in the decomposition of animal of 
vegetable matter, with atmospheric air. 
This mixture is continually varying, ac- 
cording to the more or less advanced stage 
of putrefaction of the foul matters, which 
form a sediment and a slimy coating of 
the inner surfaces in drains and pipes. It 
is also variable with the character of this 
sediment or deposit, and with the physi- 
cal conditions (moisture, heat, etc.) under 
which the decomposition takes place. 

The principal gases found in sewers 
and drains are oxygen, nitrogen, carbonic 
dioxide, carbonic oxide, ammonia, car- 
bonate of ammonia, sulphide of ammo- 
nium, sulphuretted hydrogen, and marsh- 
gas. 

The three first-named gases are the 
principal constituents of the atmosphere 
surrounding the globe, and are found pre- 
sent in the following average proportion, 
viz. : 

20.9 vols, oxygen i . 

79.1 vols.nitrogen \ ln 10 ° vols ' of air ' together 

with 2 to 5 vols, carbonic dioxide in 10,000 

vols, of air. 
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According to R, Angus Smith the 
amount of oxygen is: 

In the average, 20.96 vols, in 100 vols, of air. 
In pure mountain air, 20.98 vols, in 100 vols, of 

air. 
At the sea-shore, 20.999 vols, in 100 vols, of air. 
In streets of populous cities, 20.87 to 20.90 vols. 

in 100 vols, of air. 

The air in sewers and drains contains 
much less oxygen, as some of it combines 
with the carbon of putrefying organic 
matter, forming carbonic dioxide. The 
amount of nitrogen in the air of sewers 
is little different from that in the atmos- 
phere which we breathe ; but the amount 
of carbonic dioxide present is greatly in- 
creased. 

The lowest amount of oxygen in sewer- 
air is recorded to be 17.4 vols, in 100 vols, 
of air * ; the amount of carbonic dioxide 
is in the average 2.3 vols, in 100 vols. 
Sulphuretted hydrogen varies greatly, but 

* Parent-Duch&telet records the percentage of oxygen in 
an old Paris sewer to be only 18.99 per cent. ; this sewer, 
however, was really only an " elongated cesspool."— W. 
P.O. 
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the quantity is generally so small as not 
to be easily determined. Still more diffi- 
cult is it to find by chemical analysis the 
proportion of other gases of decay. 

In well-ventilated and well-flushed sew- 
ers Dr. Russell, of Glasgow, found the 
following ratio : 

20.70 vols, of oxygen in 100 vols, of air. 
78.79 vols, of nitrogen in 100 vols, of air. 
0.51 vols, of carbonic dioxide in 100 vols, of air. 
No sulphuretted hydrogen in 100 vols of air. 
Traces of ammonia in 100 vols, of air. 

Carbonic oxide is present only in exces- 
sively minute quantities, and, if so, it is 
generally due to leakage into the sewers 
of illuminating-gas from gas-mains. 

In the absence of more satisfactory 
methods of analysis it is usual with 
chemists to determine the amount of pol- 
lution of the air, or the organic matter in 
it, by determining the amount of car- 
bonic dioxide present, assuming that there 
is a certain fixed proportion between the 
amount of carbonic dioxide and the or- 
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ganie matter.* Thus, Prof, W. Ripley 
Nichols records, as the average of many 
carefully conducted experiments in Bos- 
ton, the amount of carbonic dioxide in a 
sewer in that city as follows : 
The average of 

31 determinations in January, 1878, was 8.7 vols. 

of CO, in 10,000 vols, of air. ' 
44 determinations in February, 1878, was 8.2 vols. 

of CO a in 10,000 vols, of air. 
47 determinations in March, 1878, was 11.5 vols. 

of CO a in 10,000 vols, of air. 
12 determinations in April, 1878, was 10.7 vols, of 

COa in 10,000 vols, of air. 
8 determinations in June, 1878, was 27.5 vols, of 

COa in 10,000 vols, of air. 
8 determinations in July, 1878, was 21.9 vols, of 

COa in 10,000 vols, of air. 

6 determinations in August, 1878, was 23.9 vols. 

of C0 2 in 10,000 vols, of air. 

7 determinations in January, 1879, was 8.0 vols. 

of COa in 10,000 vols, of air. 



* Such is strictly true only for air fouled by respiration, 
while it may not give accurate results in other cases. 

In regard to this interesting question, I refer to the report 
of Prof. Ira Remsen on the subject of organic matter in 
the air, published in the National Board of Health Bulle- 
tin, vol. 2, No. 11. 
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14 determinations in February, 1879, was 11.0 
vols, of C0» in 10,000 vols. of air. 

20 determinations in March, 1879, was 11.8 vols, 
of C0 9 in 10,000 vols, of air. J 

Prof. Nichols remarks : " It appear* 
from these examinations that in such a 
sewer as the one in Berkeley street, which, 
being of necessity tide-lockted, is an ex- 
ample of the worst type of construction, 
the air does not differ from the normal 
standard as much as many, no doubt, sup- 
pose. In a general way, as we have seen, 
there is a larger amount of variation from 
normal air during the warmer season of 
the year; but even when the amount of 
carbonic acid was largest, it was only ex- 
tremely seldom that sulphuretted hydro- 
gen could be detected." ... "I think it 
should be said that the soil-pipes and 
house-drains are much more likely causes 
of discomfort and danger than the sewers." 

Hence the importance of a thorough ven- 
tilation of all the soil, waste, and drain 
pipes in a building. 

The question may be asked: Are the 
above-named constituents of sewer-air 
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the origin or cause of the sickness so 
commonly attributed to the inhaling of 
" sewer-gas " ? 

Mauy of the gases named are undoubt- 
edly poisonous if inhaled into the system 
in large quantities, and may, even if pre- 
sent in smaller quantity, cause nausea, 
asphyxia, headache, vomiting, etc., but 
none of them can be said to produce any 
of the so-called iS filth-diseases." To de- 
termine the exact origin of these is a still 
unsolved problem of physiology. While 
some believe that the particles of decom- 
posing organic matter present in sewer-air, 
and known as " organic vapor," cause dis- 
ease, others seek the origin of the latter 
in microscopic spores or germs which live 
and feed upon such organic vapor, and 
are capable of reproduction under favor- 
able conditions, such as presence of putre- 
fying filth, excess of moisture, heat, lack 
of oxygen, etc. 

Whatever theory may be accepted as 
true, it is evident that, by preventing the 
decay of organic matter within sewers, 
drains, and soil-pipes, or by depriving 
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these germs (if such be the cause of dis- 
ease) of the conditions facilitating their 
reproduction, we can best prevent the out- 
break of excremental diseases. In other 
words, by completely removing as speedily 
as possible all waste matters from the 
dwelling by pipes thoroughly and tightly 
jointed, and by a sufficient change of the 
air in these pipes by proper ventilation, 
the danger of infection arising from de- 
fective drainage and plumbing may be re- 
duced to a minimum. 

It should be mentioned that some hy- 
gienists, notably Dr. Soyka and Dr. Renk, 
both assistants of Pettenkofer in Munich, 
have lately denied the existence of any 
positive proof of a connection between 
sewer-air and the spread of epidemic dis- 
eases — just as Naegeli and Emmerich 
doubt the possibility of infection from 
drinking water contaminated by sewage. 
Dr. Eenk considers the exclusion of gases 
of decay from the interior of dwellings 
necessary only so far as they are offensive 
to the sense of smell. In this view, how- 
ever, I cannot concur ; in regard to " filth- 
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diseases/* their causes a&4 origin, I ac- 
cept as more probable the theory of Dr. 
Simon, Parkes, and others, and I believe 
that, as long as there are doubts as to the 
causes of infectious disease, it is wise to 
err on the aide of safety. At the same 
time there cannot be the slightest doubt 
about the unwholesome effect in general 
upon health of air contaminated by foul 
gases. Such contamination it is always 
possible to prevent, and the following 
pages are intended to show how this can 
be done in the simplest and most efficient 
manner. 

DEFECTIVE AND GOOD PLUMBING WORK. 

The unhealthiness of dwelling-houses 
has been greatly increased by plumbing 
work defective in design, materials, and 
in workmanship, through ignorance, but 
often through intention of builders. The 
consequence was a growing inclination 
with some to abandon all plumbing fix- 
tures, to go back to the ill-famed privy in 
the backyard, and to follow the practice 
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of throwing the slops from the kitchen 
upon the grounds in the rear yard. 
. But cannut this risk be avoided with 
careful, conscientious* and honest work- 
manship, carried out under the strict su- 
pervision of an expert ? Is it such a diffi- 
cult thing to have a proper and judicious 
arrangement of the drainage system ? 

I shall endeavor in the following pages 
to explain what the elements of a well-de- 
vised system of house- drain age and sani- 
tary plumbing are. Much lias been writ- 
ten of late about this subject. It has 
been well and thoroughly treated by able 
writers, and my paper can hardly claim 
much originality or novelty, but should 
be taken as the outgrowth of much study 
and experience. 

The essentials of a perfect system of 
ho use- drainage are simple, and can be 
readily understood by any householder 
when carefully explained. They involve 
nothing more than the proper application 
of well-known laws of nature; there is no 
mystery, no secrecy about any part of the 
work. Any one building a house is able 
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•to secure good drainage and a safe ar- 
rangement of the plumbing work without 
having to resort to any patented system 
of trapping drains or ventilating soil and 
waste pipes, etc. The plumbing fixtures 
are, of course, mostly patented, as any 
useful appliance may be, and in speaking 
of these one cannot avoid recommending 
patented devices. 

The entire sewage of the dwelling may 
deliver either into a regular system of 
sewers, or else discharge into an open 
water-course ; or — in the absence of either 
— it may run into a cesspool, be it a leach- 
ing cesspool, or a well-cemented, tight 
vault of brickwork ; or, finally, into a 
flush-tank, to be disposed of on the ground 
by surface irrigation, or below the ground 
by the subsurface-irrigation system. 

So far as the arrangement of the inside 
plumbing work is concerned, it does not 
make any material difference which of the 
above systems of getting rid of the waste- 
water from habitations is available.* 

* It is not intended in this volume to discuss the merits 
and faults of these different methods of sewage disposal. 
For a full discussion of the latter, see the author's book, 
•' The Disposal of Household Wasteu,'' Xo. 97 in Van 
Nostrand's Science Series. 
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Under all circumstances the three cw* 
dinal object* to be fulfilled by a perfect 
system of house-drainage are : 

1. To remove from the ineide of tbe 
dwelling as quickly as possible all liquid 
and semi-liquid wastes, whether it be the 
soapy discharge from wash-bowls, bath- 
tubs, and laundry-tubs, or the vegetable 
refuse from the scullerv-sink, the greasy 
matter from kitchen and pantry sinks, or 
the foul discharges from slop-sinks, uri- 
nals, and water-closets. 

2. To prevent the foul gases originat- 
ing from the decomposition of the above 
matters in the soil and waste pipes, the 
drain, sewer, cesspool, or flush-tank from 
returning through the same channels into 
our dwellings. 

3. To oxidize, dilute, and thus render 
innocuous by a copious flushing with air 
the foul gases due to the possible put re- 
faction of waste matters within the house- 
drains, soil and waste pipes, at the same 
time properly protecting all outlets of fix- 
tures from the entrance of these gases. 
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DRAINS OUTSIDE OF THE HOUSE. , 

* The house-drain is the means for con* 
Veying the sewage from the dwelling. * Its 
proper material is a question of great im- 
portance. Outside of the dwelling it may 
be constructed of vitrified pipe, circular 
in shape, which is superior to cement 
pipe. 

Iron pipe for outside drains is prefer- 
able in made ground, or in quicksand, also 
where trees are near the line of the drain, 
and wh-re the drain must necessarily pass 
near a well furnishing water for the house- 
hold. 

Neither brick channels nor wooden con- 
duits should be used as house-drains. 
Only strong, hard, well-burnt, vitrified 
pipe, free from cracks or other defects, 
should be used. Four-inch pipes and 
those of smaller size are especially liable 
to warping, and should be carefully in- 
spected and selected. The interior of 
these pipes should be well-glazed and 
smooth throughout ; the pipes should be 
impervious, true in section, perfectly 



straight, and of a tmiform thickness* 
Four-inch pipes should have a thickness 
of | in, *> f in.; m>i*ch pipes # in. to 
I in.; niu^iuch piped should be n<H kee 
than i inches thick ; twelve-inch pipes 
should he 1 inch thick ; fiffceen-ineb pipes 
1£ in., and eighteen-ineh pipes should have 
a thickness of 1± inches. 

The joints of the pipes should receive 
particular attention. The danger arising 
from imperfect or leaky joints is twofold, 
namely, first, the sewage, by soaking into 
the ground, pollutes the soil and en- 
dangers the purity of the water supply in 
places where houses are dependent on 
wells and cisterns for water. The ground 
around and under the house is more and 
more subject to contamination, and in 
winter-time, when there is a strong in- 
ward draught into houses from fireplaces 
and stoves, the tainted " ground-air " is 
thus sucked into our very living and sleep- 
ing rooms, often producing severe illness. 
The second danger resulting from leaky 
joints is equally patent. The solid mat- 
ters, carried in suspension in the pipes, 
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are deprived df a part of their liquid car- 
rier, and thus tend to accumulate and 
form deposits in the house-drain, which 
deposits soon undergo decomposition and 
fill the drains and pipes with noxious 
gases. 

Vitrified pipes are made either with a 
socket or hub attached to one end of the 
pipe, or with both ends plain. When 
socket-pipe is used, special grooves should 
be cut in the bottom of the trench for the 
hub, in order to give the pipe a solid bear- 
ing on its entire length. The pipes are 
laid with the socket pointing up grade, the 
plain or spigot end of one pipe being in- 
serted into the socket of the next. Spi- 
got and socket ends should be concentric. 
Into the annular space between both a 
gasket of picked oakum is introduced and 
firmly rammed by a hand-iron. The re- 
mainder of the space is then filled with 
pure cemeut, or cement mixed with an 
equal volume of sand. No lime should 
be used with the mortar, which should be 
prepared only in small quantities at a 
time, to prevent its setting before use. 
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Particular attention should be given to 
the bottom part of the joint, where the 
mortar should be pressed into it with the 
fingers. If water accumulates in the 
trench, this should be carefully removed 
from the grooves before making the joints, 
and sufficient earth should be thrown intc 
the groove to support the mortar at the 
bottom of the joint until it has time to 
harden. The gasket of oakum prevents 
any cement from projecting into the in- 
side of the drain, and renders the use of a 
rattan and rag, with which to wipe the 
inside of joints, unnecessary. "Where the 
sockets are insufficient in depth to permit 
the use of a gasket, it becomes important 
to clean the joints of cement projecting at 
the inside ; but in this case a better device 
than a rattan with rag tied to it is a strong 
handle to which is attached a semi-circu- 
lar disc of wood, of a somewhat smaller 
radius than the radius of the pipe. 

The cylindrical pipe without sockets is 
preferred by some. The joints, in this 
case, are made by butting two pipes to- 
gether and covering them with rings or 
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collars of un glazed terra-cotta, applying 
cement to the inside of the collar and to 
the ends of the pipes. 

Some object to the use of cement for 
drain-pipe joints, claiming that the stiff- 
ness of the cement joint after hardening 
will tend to break the pipes in case of a 
slight settling. They also maintain that 
some cements increase considerably in 
volume when setting, and tend to burst 
the sockets. They much prefer a ring of 
puddled clay pressed into the joint and 
wiped around it, claiming that clay will 
make a tight and more elastic joint. But 
in ordinary cases the settling of drain- 
pipes may be prevented by providing a 
solid foundation of either gravel, sand, or 
concrete, or, in very wet ground, boards 
or piles, as supports to the pipe. In made 
ground I should recommend the use of 
iron pipes to prevent leaky joints or break- 
age of pipes. A good Portland cement 
will not much increase in volume after 
setting, and I believe it has been shown 
that those cements which largely increase 
their volume often lose their hardness 
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k*ter some time, and would be, therefore, 
Udfit for any use. While I fully appreciate 
the advantage of a somewhat elastic joint, 
I do not think that puddled clay will 
make as tight a joint as seems desirable 
for drains carrying foul sewage. 

What is known as " Stanford's Im- 
proved Pipe- Joint " has been used exten- 
sively of late in works of house-drainage 
in England, and its merits are such as to 
recommend it, under certain conditions, 
for use with us. I therefore introduce a 
brief description : " In sewer work in bad 
or wet ground, just where a sound joint 
is most required, the difficulty of making 
it is the greatest. What is wanted, there- 
fore, is a joint that will entail the least 
disturbance of the ground, that will not 
necessitate the absoJute drying of the 
trench bottom, and that will require the 
minimum of time, skill, and labor in mak- 
ing it. These conditions will be fulfilled 
in the most complete manner by making 
the spigot of one pipe to fit mechani- 
cally into the socket of another, as in a 
bored and turned iron pipe joint. Such 
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a mechanical fit cannot be obtained with. 
stoneware or earthenware pipes, owing 
to the difficulty of preserving perfect ac- 
curacy of form during the process ot burn- 
ing." 

" In the Stanford joint tightness is ob- 
tained by casting upon the spigot and in 
the socket of each pipe, by means of 
moulds prepared for the purpose, rings 
of a cheap and durable material, which, 
when put together, fit mechanically into 
each other, and by making these rings of 
a spherical form a certain amount of 
movement or settlement may take place 
without destroying the accuracy of the 
joint. In laying these pipes, therefore, 
all that is necessary is to insert the spigot 
of one fairly and firmly into the socket 
of another previously laid, and the joint 
is complete and perfectly water-tight. A 
smearing of some kind of grease is fre- 
quently found to be of advantage." 

Half-socket or access-pipes are some- 
times useful where it becomes necessary 
often to inspect the house-drain. They 
should be located close to angles, bends, 
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junction branches, running traps, etc. 
They are not much used in this country, 
owing, probably, to the fact that should 
the main drain run over one-half full, 
sewage may leak out through the access- 
pipes into the soil. 

Care should be taken to lay the pipes 
on a firm bed of sand or gravel, and if 
this is not available a concrete base 
should be provided in the trench. The 
pipes should be laid in straight lines ; all 
changes of direction should be effected 
by curves, of as large a radius as possi- 
ble, formed of bent pipes. All branches 
should join the main under an acute an- 
gle, by special Y pieces, for a right-an- 
gled junction (by a T branch) tends to 
form eddies and consequently deposits in 
the main drain. 

In laying drains care should be taken 
to avoid, as much as possible, trees. The 
roots of these are frequently found to 
penetrate and often choke the pipes, and 
are certainly a dangerous obstruction to 
the flow in the drain. If the line of the 
drain must necessarily pass near trees 
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the use of iron pipes is recommended. 
The coating of the pipes with coal-tar 
on their outside, the use of asphaltum 
for joints, and sometimes the surround- 
ing of the drain with a strong layer of 
concrete are said to be effectual protec- 
tions against roots of trees. 

I now must speak of the grade of the 
drain, as this is a matter of prime im- 
portance. Upon the inclination of a pipe 
depends the velocity of the water flowing 
through it. If this velocity should be 
insufficient, deposits will occur, and the 
drain will in time become choked. Pipes 
of 4 inches diameter should have a velo- 
city of flow of from 3 to 4£ ft. per second ; 
those of 6 and 9 inches diameter shouK 
have a velocity of not less than 2£ to 3 it. 
A velocity of 2 ft. per second should be 
considered the minimum allowable in 
house-drains. As a general rule the in- 
clination of a house-drain should be as 
great as attainable, and must be, wher- 
ever local conditions will permit, continu- 
ous. It is not unfreqaently found by un- 
covering old drains that, in order to save 
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digging, they are laid very flat, of tea per- 
fectly level, from the point where they 
leave the house to nearly their junction 
with the sewer, at which place they are 
turned with a steep pitch downwards, 
and often enter the sewer at its crown. 
By distributing the whole arailable fall 
over the total length of the drain a much 
better grade would have been secured. 

In order to lay a drain with a true 
grade, especially where the fall is little, 
a level should be used. The elevation of 
bottom of pipe, where it leaves the house 
— at a depth of not less than 3 feet in 
the New England States, as a protection 
against frost — should be ascertained, as 
well as the elevation of the junction with 
the sewer (or else inlet to cesspool or flush- 
tank). A profile of the ground along 
the line of the drain should also be de- 
termined by levelling. Thus the proper 
available fall can be determined, with a 
little additional trouble, it is true, which, 
however, will be well repaid by securing 
a much better quality of the work. 

A fall of from 1 in 40 to 1 in 60 is de- 
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ijiifafe fpr pftfif 4 or € iathff dtftpjtor* 
bat tfa» ewMwfc «lw*fi be fed* i would 
consider * grade of 1 in 100 a» the lea*t 
to be given to house-drain*, in order to 
keep them eeif-*leansing. When laid with 
such fall, and running full or half-full, 
a six-inch drain has a Telocity of 3J feet, 
a four-inch drain a velocity of nearly 3 
feet, which is sufficient to carry along 
such suspended matters as only ought to 
enter a house-drain. Where the available 
fall is less than 1 in 100, special flushing 
apparatus, such as Field's flush-tank, 
Van Vranken's flush-tank, or Shone's hv- 
draulic siphon-ejector, should be used. 

I have thus fully explained the right 
method of laying; drain-pipes, because, 
even with the best plumbing inside of the 
house, it is of the greatest importance to 
have the outside drains of good quality, 
properly laid, and properly jointed, in order 
to insure the instant removal of the waste- 
water, and also to prevent stoppages due 
to carelesf or imperfect workmanship. 

The next question to be considered is: 
What is the proper size for house-drains f 
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. This will, of course, depend to some 
exteht upon the grade of the drain, the 
size of the house and* number of its oc- 
cupants, the amount of water used per 
head per day, and finally, unless the rain 
falling upon the roof is stored in a cis- 
tern, upon the amount of rain-fall to be 
carried off in a certain time. This rain 
is a most beneficial scourer for drains, 
and unless the sewage of the dwelling is 
to be disposed of by irrigation, or the 
sewers of the town built according to 
the "separate system," which excludes 
the rain-fall from the channels carrying 
sewage, I should strongly advise to de- 
liver it into the same channel which car- 
ries awav the foul wastes of the habi- 
tation. Even with this double pur- 
pose in view the house-drain need not 
be very large, and the closer its size is 
proportioned to the volume of water it 
must carry, the more self-cleansing will 
it be. 

To illustrate the advantage gained by 
reducing the size of drains as much as pos- 
sible, or, in other Words, by concentrating 
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the sewage flowing through it, I have con* 
structed the diagram, Fig. 1, which repre- 
sents for different depths of flow in the 
same pipe the change of velocity. It is 
evident from this diagram that the veloci- 
ty in a pipe greatly diminishes as the depth 
of the stream flowing through it decreases. 
The diagram shows that the velocity is 
the same for drains running full or half- 
full; it also shows that the maximum 
velocity of flow occurs, not when the sewer 
is running full, but when the depth of 
flow is about .813 of its diameter. The 
maximum velocity is about 11 per cent, 
greater than that of a pipe running full 
or half full. The maximum discharge, 
however, does not coincide with the maxi- 
mum velocity. The discharge is a maxi- 
mum when the depth of flow is about . 95 
of the diameter. At a depth of flow of 
one-fourth of the diameter the velocity is 
only about 77 per cent, of that when run- 
ning full or half-full, and for lesser depths 
of flow it diminishes rapidly. 

For an ordinary city dwelling a drain 
four inches in diameter is ample, even in- 
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eluding all the rain-fall. For a larger 
lot and residence a six inch drain is all 
that is needed, even if the fall should be 
only 1 in 100. As a general rule, house- 
drains have been constructed of too large 
a diameter, and one often meets with the 
objection that a four-inch pipe will clog 
up with ^T^ase in a short time, or will be 
obstructed by solid substances. To this, 
I answer that, in regard to grease, the only 
safe way, where it is allowed to waste, or in 
case of large boarding-houses and hotels, 
is to keep it altogether out of the drain 
(which can be easily accomplished by a 
suitable grease-trap). Grease congealing 
in a drain is sure to clog it, no matter 
how large it is made. The stoppage would 
be only a question of time, and nothing 
could be gained by postponing this inevi- 
able result. In regard to obstructions by 
solid matters, I may assert that nothing 
which passes through the strainer of a 
sink or from the water-closet bowl can 
possibly obstruct the drain. What may 
enter through the carelessness of servants, 
or of the householder, such as "sand, 
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shavings, sticks, coal, bones; garbage, bot- 
tles, spoons, knives, forks, apples, pota- 
toes, hay, shirts, towels, stockings, floor- 
cloths, broken crockery, etc.," to quote 
from Mr. J. Herbert Shedd's Report on 
the Sewerage of Providence, cannot right- 
fully be expected to be carried away in a 
drain.* To guard against such obstruc- 
tions the drain should be made accessi- 
ble, especially near bends, junctions, and 
the main trap. 

The following useful table, calculated 
by Robt. Moore, Esq., C.E., from Weis- 
bach's formula for flow of water through 
open culverts, gives the size and velocity 
in house-drains, laid at different inclina- 
tions, and for various sizes of lots, the 
rain-fall being 2 inches per hour, and the 
pipes running j- full. It should be said 
that the smallest sizes of the table (below 
3 or 4 inches diameter) are given only for 
the sake of completeness, and not as sizes 
to be recommended for actual use. 

Take, for example, an ordinary city lot 
of 25 x 150 ft. = .0861 acre. The rain- 
fall to be provided for may be 2 inches 

* See the author's book on " The Disposal of House- 
hold Wastes." 
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per hour. Though such storms are not 
frequent, provision should be made for 
them in the calculation of the size of 
house-drains, as the rain falling on roofs 
and on paved yards reaches the drain very 
soon after having fallen. A rain-fall of 1 
inch per hour per acre very nearly yields 
1 cubic foot per second, therefore 2 inches 
per hour give 2 cubic feet per second per 
acre. The number of cubic feet of rain 
from the above lot is therefore .0861 x 2 
= .1722 cubic feet per second, or 60 x 
.1722 = 10.332 cubic feet per minute. 

We further assume 6 persons to the 
house, and a consumption of water of 75 
gallons per head per diem, which is a very 
liberal allowance. The waste-water of the 
house is therefore 6 x 75 = 450 gallons 
per day. If one-half of this amount is 
estimated to run off in 8 hours, the maxi- 
mum per hour would be about 28 gallons, 
or .0624 cubic feet per minute. This 
quantity is so insignificant compared with 
the rain-fall that we may safely neglect it. 

Should the drain be allowed to run 
three-quarters full, and have a fall of 1 in 
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100, a diameter of 3J inches would suffice, 
according to above table. 

As a second example, I shall take a 
large lot, say 80 x 150 feet = .2755 acre. 
The quantity of rain to be discharged will 
be, under the same suppositions as above, 
2 X 60 x .2755 acres = 33.06 cubic feet 
per minute. For a drain running £ full 
the table gives the necessary diameter = 5£ 
inches. 

For a convenient graphical exhibit of 
the relation between inclination, size, ve- 
locity, and discharge of drains and sewers 
see the author's " Diagram for Sewer Cal- 
culations," 1881, N. Y. 

The foregoing explanations have, I be- 
lieve, sufficiently proved that no house- 
drain needs to be larger than six inches 
under ordinary circumstances, while in 
most cases a 4-inch pipe will fully answer 
the purpose. Any increase of size would 
tend to be a detriment rather than a bene- 
fit. 

DRAINS INSIDE OP THE HOUSE. 

The earthenware drain should end at 
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about 5 to 10 feet outside of the founda- 
tion-walls of the house. From this point 
towards the inside of the house the drain 
should be of iron. The joint between iron 
drain and earthenware pipe should be 
made with pure hydraulic cement Where 
the iron pipe passes through the wall a 
relieving arch should be built over it. 
Settlement of walls often occurs, and is 
liable to crack the pipe or even break it, 
unless the above provision is carried out. 
It is quite evident that, under no circum- 
stances whatever, this part of the house- 
drain should consist of vitrified pipe. 

Important as it is to have the drains 
outside of the house free from sediment 
or leakage, it is still more so to have all 
the pipe-joints inside of the dwelling per- 
fectly air and Water tight, for if any de- 
fect should exist here sewer- air will leak 
into the cellar and pervade the whole 
house* For this reason w.e sometimes 
find the cardinal rule laid down that no 
drains should run under a house, but 
should be taken outside of it as soon as 
possible. This is not practicable, as a 
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general rule, in the case of narrow city 
lotd. Fortunately, however, we can, with 
perfect safety, run the drains across the 
basement or cellar-floor of a dwelling, 
provided we choose the only safe mate- 
rial — i.e., heavy iron pipes. A good me- 
chanic is able to make with these a per- 
fectly air and water tight joint. The de- 
tails of iron pipes will be discussed under 
the heading of soil and waste pipes. 

The best course of the iron drains in 
the house is along the ceiling of the cel- 
lar or along one of the foundation-walls. 
In other words, wherever practicable, the 
iron drain ought to be kept in sight, in 
order to enable anybody to detect a leaky 
joint at occasional inspections, Soine- 
' times fixtures located in the cellar, such as 
servants 9 water-closets, laundry-tubs, or 
sinks, make it necessary to lay the iron 
drain below the cellar-floor. In this case 
it may be laid with proper fall in a trench, 
the sides of which are walled with brick 
work, and the base of which should con* 
sist of a layer of from 4 to 6 inches of con* 
crete, thoroughly rammed and properly 
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graded. The trench should be made ac- 
cessible by closing it with movable covers 
of iron or wood. In no case should a 
drain below the cellar-floor be left inac- 
cessible. If such a trench is not provided, 
proper manholes or inspection openings 
must be placed over all junctions, near 
traps, bends, and, where the drain is very 
long, at suitable intervals in the straight 
run of the drain. 

If the drain is carried in sight, I much 
prefer supporting it by brick piers, where 
the ground is solid and not liable to " set- 
tle," instead of suspending it by iron 
hangers from the main joists of the floor 
above. For with the latter arrangement 
a slight lowering or bending of the beams 
supporting the iron drain would tend to 
loosen the joint between the water-closet 
trap and soil-pipe, as the latter is rigidly 
connected with the drain, thus creating a 
source of danger from leakage of sewer- 
air. 

This is especially true of water-closets 
having a trap above the floor. The danger 
can be avoided by supporting the water- 
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closet on a base in' rigid connection with 
the soil-pipe and entirely independent of 
the floor. This is done in the Durham 
system of house-drainage (see page 53). 

As regards the proper inclination of iron 
drains in the cellar, the rules given for the 
outside drains should be observed. 

The principles stated for the size of the 
outside drain apply with equal force to the 
inside drain. If no leaders enter the drain 
at its upper end or along its course through 
the house, a 4-inch pipe is ample for any 
ordinary-sized dwelling ; a 6-inch drain is 
very seldom required. 

As a good precaution for cases of re- 
pairs or obstructions of the drain, I 
would recommend to insert at distances 
of about 10 or 20 feet along the course of 
the iron drain, and especially at all changes 
of direction, Y or T branches, the ends 
of the branches being closed by a brass 
thimble caulked into the hub of the Y, 
and closed by a trap-screw, or else the use of 
handhole fittings closed with steam-plugs. 
By opening these and inserting a pro- 
per cleaning tool occasional obstructions 



44 

through introduction of foreign matters 
are easily removed. 

The course of the maiu. drain in the 
cellar should be as straight as possible. 
All chauges of direction should be made 
by easy bends. All junctions with the 
main drain should be made by Y branches, 
in order to join the flow of both pipes 
without causing eddies; no right-angled 
junction should be made in any hori- 
zontal or inclined pipe. 

SOIL AND WASTE PJ2AA. 

Into the iron drain the vertical soil 
and waste pipes enter by means of either 
quarter bends or by a Y branch with an 
eighth bend.* 

♦As regards the exact meaning of the terms drain-pipe, 
«oil-pipe, and waste-pipe, I quote the following clear ex- 
planation from the Sanitary Engineer, vol. 4: " The drain- 
age system of a house, including the pipes or channels 
of any kind connecting it with the sewer or cesspool, may 
be divided into two parte— first, that part which is chiefly 
outside the house-walls, and, second, that which is generally 
inside the house. The first is called the house-drain, or 
simply drain, and conveys the whole body of waste from 
the house, including both the discharges from water-closets 
and urinals, and from baths, basins, sinks, etc., to the 
sewer or cesspool. The drain is practically horizontal, 
and may be considered as terminating either at the house- 
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The foil and waste pipe system is oon« 
structed either in lead or in jrpn, lead 
pipe being preferred in England, while in 
this eouptry cast-iron and wrought-iron 
pipes are used almost exclusively. 

All cast-iron pipes used in house-drain- 
age should be thoroughly sound, of a uni- 
form thickness throughout, and must al- 
low of ready cutting without splitting. 
The inside should be truly cylindrical 

wall or at the most remote point at which it receives the 
pipes from any fixtures. The word drain is, however, also 
used in another sense as distinguished from sewer. It then 
means the pipe or channel which conveys only rain or ground 
water as distinguished from sewage. An example of this 
kind of drain is the separate system of pipes used to con- 
vey only rain-water in some towns, and the tile pipe com- 
monly employed in draining wet lands. 

" That part of the house-drainage system which is general- 
ly inside the house, including the pipes from the various fix- 
tures, is made up of soU-pipes and waste-pipes. Soil-pipes 
are those pipes which receive human excreta from water- 
closets and urinals, and they are still called soil-pipes even 
if they also receive the waste water from baths, basins, etc. 
On the oth^er hand, waste-pipes are those which receive only 
the waste water from these latter, but not the discharge 
from water-closets and urinals. The tMMfe-pipes of a house 
may either enter the house-drain independently or join the 
soil-pipe first and discharge their contents through It into 
the drain. As distinguished from the drain the soil-pipes 
and waste-pipes, at least for the losger lengths, are generally 
vertical." 
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and of smooth finish. The thickness of 
ordinary (so-called light) soil-pipe is about 
\ of an inch for 2, 3, and 4-inch pipes, 
and ^ to -^ of an inch for 5 and 6-inch 
pipe. 

The only merits of this pipe are its 
light weight, making it easy to handle, 
and its cheapness. Its greatest objection 
is its liability to breakage and the fre- 
quent splitting of its hubs if a joint is 
being caulked. Not only for all large 
public or private buildings, but in every 
instance where sound and permanent 
work is expected, extra heavy soil-pipe 
should be used, which is about double 
as thick as the ordinary pipe. 

The weights of extra heavy pipe are 
about as follows : 

2-inch pipe, 5£ lbs. per foot. 
3-inch pipe, 9£ lbs. per foot. 



3-inch pipe, 
4-inch pipe, 



pipe, 13 lbs. per foot. 
5-inch pipe, 17 lbs. per foot. 
6-inch pipe, 20 lbs. per foot. 

Great care should be exercised by plumb- 
ers, plumbing inspectors, architects, and 
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sanitary engineers in regard to obtaining 
ir©» soil-pipe of a uniform thickness. 
The writer has* frequently seen speci- 
mens of extra heavy soil-pipe in which 
the pipe was almost as thin as a knife- 
blade on one side, while it had far more 
than the required thickness on the other 
side, the weight being as specified. Drain- 
pipes should be cast over-end same as 
gas and water pipes are, not in a lying 
position, to insure a perfect uniformity in 
the thickness of the shell. Measuring 
the thickness of iron drain-pipes by a 
pair of calipers should be recommended, 
but I am not aware that it is done at all 
now. 

Iron soil-pipe, the inside of which has 
been made smooth by dipping the pipe 
into a hot solution of coal-tar pitch, is su- 
perior to ordinary iron pipe. This coat- 
ing applied to the outside of the pipe 
forms a good preventive against rust or 
corrosion. 

Where economy is no object, the en- 
amelled pipe may be used, which has a 
very smooth inside surface, thus securing 
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to well-flushed soil-pipes the greatest pot* 
sible cleanliness. Whether iron pipes are 
coated with coal-tar pitch or enamelled, 
it is necessary, before applying either of 
these protective coats, carefully to test 
each pipe for defects, sand-holes, or cracks, 
by the hammer test. The coating may 
effectually cover these defects and render 
detection difficult. 

Cast-iron pipes for drainage purposes 
are usually manufactured in lengths of 
five feet, with a hub and a spigot end, or 
else with double hub. It is, however, 
very desirable that such pipes should be 
sold in longer lengths, thus necessitat- 
ing fewer joints, and therefore less risk 
from leakage of sewer-air. 

The iron-foundries manufacture not 
only straight soil-pipe, but a large num- 
ber of fittings, such as quarter bends, 
eighth bends, sixth bends, sixteenth 
bends, T branches, Y branches, double Y 
branches, half Y branches, offsets, single 
and double hubs, increasers, reducers, etc., 
to enable the plumber to make all possible 
connections and lines with iron pipe. 
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The use of %or*ught4ron for soil-pi pea 
is of a more recent origin, although some 
architects have for many years made use 
of plain wrought-iron pipes for vent- 
pipes, and, in a few instances, for waste- 
pipes. 

In the Durham system of house-drain- 
age wrought-iron is used exclusively for 
all pipes above ground, whether drain, 
soil, waste, leader, or air pipes. To pre- 
yent corrosion the wrought-iron pipes are 
immersed, while hot, in a tank of hot 
liquid asphalt ; occasionally the pipes are 
enamelled on the inside with the white 
porcelain enamel, or inside and outside 
with the black enamel of the Providence 
Enamel Co. It is quite likely that, in 
case the Bower- Barff rustless process 
should be more developed, all wrought- 
iron pipes will be protected by it against 
corrosion. But even the coating of as- 
phaltum, if properly put on, will effectu- 
ally prevent rusting, certainly as much 
on wrought-iron as it will on cast-iron 
pipes. 

By using the standard wrought-iron, 
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lap-welded, coated steam-pipe in works 
of house-drainage one great desideratum 
is easily attained — i.e., tight joints. For 
screw joints in steam-pipes "can easily be 
made sufficiently tight to stand a heavy 
internal pressure, such as, for instance, 
the pipes are subjected to by testing them 
with a force-pump and a manometer, 
or by the water-pressure test. An- 
other advantage which wrought-iron pipe 
offers is the lesser number of joints re- 
quired. For steam-pipe comes in lengths 
up to twenty feet ; they can be cut ac- 
cording to measurements so as to run 
from floor to floor without intermediate 
joints. 

A further point in favor of such pipe 
is its uniform thickness, its great strength, 
and the fact that every length is tested at 
the mills by hydraulic pressure. 

In the words of the inventor of the 
system, C. W. Durham, Esq., C.E.: 
" Wrought-iron pipe is elastic, and cannot 
be broken. Its extreme fitness for the 
purposes of house-drainage ought to have 
been recognized years ago. When lengths 
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are screwed together in a wrought-iron 
coupling the joint is as strong as any other 
part of the pipe, and they will stand up 
vertically from a solid base to the height 
of any building without lateral support." 
... "By the use of wrought-iron pipes 
and screw- joints we construct a ' drainage 
apparatus' within the building which is 
^as and water tight as regards the joints ; 
rigid, yet elastic ; entirely independent of 
walls or floors for support, and absolutely 
, invulnerable. As a structure it will last 
as long as any building will stand, with- 
out any outlay for repairs. 97 

In the use of wrought-iron pipes con- 
sists the chief departure of the Durham 
system of house-drainage from the plumb- 
ing work as ordinarily put up. There are 
other points, however, of equal impor- 
tance. 

In this connection it should be men- 
tioned that for all drains under the ground 
the Durham system uses cast-iron pipes — 
not ordinary, nor extra heavy plumbers' 
pipe, but heavy gas-pipe, such as used for 
gas-mains in streets. This comes from the 
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foundry in lengths of twelve feet, conse* 
quently there are fewer joints, and these 
are gas and water tight, as the hubs or 
bells of such gas-pipe are made very 
heavy, being designed to withstand con- 
siderable knocking of the caulking tools 
to make a joint which will prevent leak- 
age of illuminating-gas. Of course, the 
cast-iron pipe is coated by Dr. Angus 
Smith's process for protection against 
rust, and is always tested by the applica- 
tion of hydraulic pressure before leaving , 
the foundry. 

All fittings used in the Durham sys- 
tem of house-drainage are "special" fit- 
tings coated with as phal turn. Those for 
wrought-iron pipe are entirely different 
from standard steam-fittings ; these latter 
present interior recesses or depressions 
which would be apt to collect soil, hair, 
etc., while the Durham fittings are tapped 
with a shoulder. When the wrought-iron 
pipe is screwed home the inside of pipe 
and fittings are practically even. 

In addition to the fact that all upright 
pipes without large offsets are erected free 
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from walls or floors without lateral sup- 
port, it should be mentioned that in this 
system water-closets are supported, if 
near a vertical pipe, directly from the soil- 
pipe, independently of the floor ; they are 
secured to the cast-iron fitting, upon 
which they rest, by set screws which 
clamp the flange of the closet, or else by 
brass clamps. Any settlement of the 
floor cannot, therefore, affect the integrity 
of the joints. Water-closets at a distance 
from the soil-pipe are supported on a 
branch which connects to the soil-pipe by 
a flexible joint. 

According to one of the best English 
authorities on plumbing,* the advantages 
claimed for lead pipe are briefly as fol- 
lows : 

1. It is smoother, cleaner, not so cor- 
rosive, more durable. 

2. It can be bent to suit any position ; 
it is more compact. 

3. Its joints are more to be depended 
upon than Iron-pipe joints. 

* S. Stephens Hellyer, "The Plumber and Sanit*nr 
Bouses," second edition. 
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4. Urine, being very corrosive, acts 
more on iron than on lead. 

5. Iron pipe rusts on the outside, and 
painting iron pipes, to prevent it, is ex- 
pensive, and is generally not done tho- 
roughly at the back of the pipe. • 

6. Lead branch wastes or traps cannot 
easily be joined to iron pipe. 

7. Iron pipe does not allow caulking 
joints with lead, therefore cement is used 
for the joint. 

From all this I disagree ; for : 

1. Tarred or enamelled iron pipe is 
fully as smooth as lead pipe, and the iron 
pipe is thereby well protected from cor- 
rosion. Making iron pipes rustless by the 
Bower-Barff process is likely to prove 
still more effective. 

2. The above-enumerated variety of 
special fittings enables the plumber readily 
to adapt his iron pipe to almost any posi- 
tion ; moreover, I do not see why iron 
pipe should take up a great deal more 
room than lead pipe of same bore. 

3. Well-caulked joints of heavy cast- 
iron pipes, and well-made screw-joints in 
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wrought-iron pipes, are just as sound and 
trustworthy as wiped joints in lead pipes* 
and any good mechanic is able to make 
them. 

4. Urine does not corrode an iron soil- 
pipe, protected by a coal-tar pitch solu : 
tion or by enamel, more than a lead pipe. 
Iron made rustless by the Bower-Barff 
process appears, from recent investigations 
made in France, to be unaffected by urine. 

5. The outside of iron pipe can be 
efficiently protected from rusting by paint, 
coal-tar pitch, or enamel. 

6. Lead cannot be caulked into iron, 
bat a good plumber always solders a brass 
ferrule by a wiped joint to the lead pipe 
(or trap), and caulks the brass ferrule 
into the hub of the cast-iron pipe ; lead 
pipe is joined to wrought-iron by means 
of brass screw* nipples. 

7. Any one who will take the trouble 
carefully to examine the joints of ir^n 
pipe made by an honest and conscien- 
tious plumber will readily admit the pos- 
sibility of making tight joints with iron 
pipe. Iron pipe of a sufficient strength 
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to withstand the knocking occasioned by 
caulking the lead should, of course, only 
be UBed in good plumbing work. 

But, while iron pipe is fully equal in 
all the above respects to lead, it has great 
advantages over it " Lead soil-pipes are 
very heavy, and, therefore, liable to sag 
and split open, to have holes eaten into 
them by rats, and have nails driven into 
them by carpenters, and also to corrode, 
and they require much greater skill to 
put up, and involve more expense ; there- 
fore the statements of Hellyer prove no- 
thing, although they demonstrate the ab- 
surdity of bricking soil-pipes into a wall, 
and the necessity of so placing them that 
they are at all times readily accessible for 
inspection ; and also prove, what few peo- 
ple seem to realize, that the drainage 
system of a house requires periodical test- 
ing and inspection just as much as a 
steam-boiler or piece of machinery." * 

Soil-pipes should not, as a rule, be 
larger than four inches inside diameter; 

* See articles on " Plumbing Practice " in the Sanitary 
Engineer, vol. iv. 



57 



this size will answer for half a dozen or 
more water-closets on one vertical stack 
of pipe. From a late account of the 
sewerage of the city of Pullman, near 
Chicago, I learn that several hundred soil- 
pipes of $-inch bore were used in the 
houses, and, "in the case of three-story 
flats, one pipe frequently has six closets 
connected to it." Very few instances of 
stoppage occurred, and these were always 
" due to obstructions that got in during 
construction, and never to the use of a 
small-sized pipe." Such a reduction of 
the size of soil-pipes will undoubtedly in* 
crease the danger of " siphonage of traps," 
and for this reason it is hardly safe to use 
soil-pipes smaller than four inches inside 
diameter. 

Waste-pipes of iron should be 1} or 2 
inches in diameter. This is ample for 
the waste water of one or more bath tubs 
and a large number of wash-bowls. 

I may here remark that, contrary to 
the generally entertained opinion, a near- 
ly horizontal or inclined pipe can be kept 
clean by flashing much easier than a ver- 
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tioal pipe. The flushing water in this 
latter case toon assumes a whirling mo- 
tion, and the scattered drops fall down- 
ward without exerting much scouring 
action upon the interior of the pipe. 
Hence the importance of having the in- 
side of soil and waste pipes as smooth as 
possible to prevent solid matters from ad- 
hering to the sides, where hardly any 
amount of flushing will take them off. 

The arrangement of soil and waste 
pipes should be as direct as possible. It 
is desirable that each vertical stack should 
extend from cellar to roof in a straight 
line. In planning the plumbing for a 
dwelling too much care cannot be taken 
to secure such an arrangement. Every 
offset, every bend in the pipe, forms an 
obstruction to its proper flushing, with 
both water and air. Horizontal soil-pipes 
are especially objectionable ; the water- 
closets, baths, bowls, and sinks should 
always be located in groups, and as near 
to their respective pipes as possible. 

It is desirable to run soil-pipes and 
Waste-pipes in sight, so that they may be 
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accessible. I decidedly condemn the usual 
plan of architects of building recesses or 
niches in the walls for pipes. The diffi- 
culty of caulking the back part of pipe- 
joints in this position is very great* 
Where objection exists to having the 
pipes in sight, they should be boxed up, 
but lwould always insist upon having the 
cover fastened by screws, which can be 
easily removed, and not by hails. 

Cast-iron soil and waste pipes should 
be supported at distances of not over five 
feet by strong iron hangers or hooks. 
The wrought-iron soil and waste pipes 
used lately in the Durham system of 
house-drainage are erected free from 
floors or walls, if the pipe runs up in a 
straight line, by simply providing a strong 
support at the base of each stack. The 
pipe is thus rendered entirely independent 
of any settlement of the building. 

Branch pipes should enter the vertical 
stack by means of a Y or half-Y branch, 
wherever possible ; a nearly right-angled 
junction, by a graded T branch, is not 
objectionable here, as in the case of hori- 
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zontal or inclined pipes, and is much 
more easily placed in proper position. 

In badly-drained houses, with cheap 
plumbing work, it is not uncommon to 
find the joints of pipes made only with 
sand and paper, or with putty, mortar, 
cement, sulphur and pitch, and red lead, 
or othei material. All of these joints are 
worthless and extremely objectionable. 

Joints in cast-iron pipe should be made 
by first inserting a little picked oakum 
into the socket, care being taken that no 
part of this gasket enters the pipe. The 
oakum prevents the molten lead from 
running into the pipe, where it might 
form an obstruction to the flow. Molten 
lead is then poured into the hub, enough 
quite to fill it. As lead shrinks in cool* 
ing, it must afterwards be carefully ham« 
mered with a special caulking tool, thus 
filling the space between spigot and hub, 
so as to make a perfectly gas and water 
tight joint. In order to be able at all 
times to inspect the joints, it is a good 
practice to leave the caulked lead without 
a cover of paint, cement, or putty, the 
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marks of the caulking tool being thus left 
exposed to view. 

A tight joint can also be made with a 
mixture of sal-ammoniac, iron filings, and 
sulphur. Such "rust joints, " however, 
are not much used for soil-pipes, but they 
are frequently adopted for pipes serving 
as a steam blow-off, in which case caulked 
lead joints cannot be relied upon. Caulk- 
ed joints in soil and waste pipes are also 
affected to some extent by extreme changes 
of temperature, such as occur if hot 
and cold water are alternately discharged 
through a pipe. 

Where wrought-iron is used for soil 
and waste pipes, the joints are screw- 
joints, and are made tight, as in steam- 
fitting work, by screwing lengths of pipe 
into couplings or fittings, as the case may 
be, by means of a pair of chain pipe- 
tongs, and using a paste of red lead on 
the threads. 

When all the iron piping in the house 
is completed the tightness of the joints 
should be thoroughly tested before con- 
necting the fixtures. The test which k 
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usually applied is the "water-pressure 
test." The end of the iron pipe outside of 
the foundation-walls is tightly closed by a 
wooden plug, or, better, a disc of india- 
rubber, which can be squeezed between 
two iron discs. All branches of soil-pipes 
and waste-pipes are similarly closed. The 
pipes are then filled with water, which 
must stand in them for some time. If 
the subsequent inspection shows a lower- 
ing of the water level, there must be a 
leak at some joint, or else some defect 
exists in the iron piping. Of course the 
leak must be found and repaired, and the 
test should then be repeated until all 
joints are water and air tight. 

An equally reliable pressure test is 
made by using a force-pump and a mano- 
meter. 

For occasional inspections of old plumb- 
ing work, and in making sanitary exami- 
nations of houses, the " peppermint " and 
the " smoke " test become useful. The 
peppermint test is thus described : " When 
called on to detect a leak in the soil-pipe 
of a house, the plumber goes at once to 



the roof, if the soil-pipe be carried above 
the roof ; if pot* he, goes to the upper- 
most water-closet, and pours into one or 
the other something; like an ounce of 
peppermint, and follows it up with enough 
water to insure its being carried the full 
length of the soil-pipe." (The top of soil- 
pipe should be closed, in order to prevent 
the oil from escaping into the outside air.) 
" Another man then traces the soil-pipe 
from the bottom throughout its course 
knowing that if there is any crevice 
through which sewer-air can enter the 
pungent odor of the volatile essential oil 
will be readily perceptible, even in the pre- 
sence of odors of a baser kind. Great 
care must be taken not to carry the pep- 
permint about the house, otherwise the 
smell cannot be traced to the drains/' 

Gaptain Douglas Galtou describes an- 
other test thus : " To test the drains the 
fumes of ether or of sulphur may be 
used. If ether is poured down a soil-pipe 
the fumes will be perceptible in the house 
at any leaks in the soil-pipe or failures in 
the traps. Sulphur fumes may be ap- 
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plied by putting into an opening made in 
the lowest part of the drain an iron pan 
containing a few live coals, and throwing 
one or more handfuls of sulphur upon 
the coals, and closing up the opening to 
the drain with clay or otherwise. The 
fumes will soon be very perceptible at 
any leaks or rat-holes in the soil-pipe, 
drains, or traps." 

The connections between fixtures and 
the soil or waste pipes are made with lead 
pipe, which can easily be handled, and 
may be bent and cut to suit all possible 
positions, and requires but few joints. It 
is manufactured in long coils, of all sizes 
and of any desired thickness. In good 
plumbing work only heavy drawn lead 
pipe should be used, to prevent its being 
quickly destroyed by the corrosive action 
of sewer-air. It is desirable that lead 
pipe should be used as little as possible 
in concealed places, as it may be gnawed 
by rats or split by nails through careless- 
ness of carpenters. 

It is not uncommon to find vertical 
waste-pipes of lead, as these are easily 
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placed inside of a partition and covered 
with plaster. But this cannot be regard- 
ed as good practice ; iron for waste-pipes 
is decidedly to be preferred. Occasionally 
a smell of sewer-air can be traced, after 
diligent searching, to a picture-nail driven 
into a lead vent-pipe concealed behind 
the plaster of a room. 

Vertical lines of lead pipe should be 
fastened to boards by soldering hard 
metal tacks to the pipe and screwing the 
flanges of the tacks to the board. Hori- 
zontal lines should be continuously sup- 
ported on boards between joists. 

Lead pipes should be joined by what is 
called a " wiped joint." The end of one 
pipe is flanged out so as to form a cup, 
into which the other pipe, the end of 
which should previously be sharpened, is 
introduced. Hot solder is then applied 
to the joint, and wiped around it so as to 
form an oval lump. 

Where lead pipes are joined to cast- 
iron pipe, the connection should be effect- 
ed by means of a brass ferrule of the 
same bore as the lead pipe, atid soldered 
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to it, wherever space allows, by- a wiped 
joint. The ferrule is introduced into the 
hub of the iron pipe, and caulked tightly 
with a gasket of oakum and molten lead. 

Where lead pipes join wrought-iron 
pipes a brass screw-nipple is used, tightly 
screwed into the soil-pipe fitting, and join- 
ed to lead pipe by means of a wiped joint. 

The size of lead waste-pipes should be 
as small as is consistent with the office 
which they have to perform. Wastes for 
bath-tubs or laundry-trays should be suf- 
ficiently large to empty these vessels in a 
short time. It is highly desirable that 
the basin, sink, and wash-tray couplings 
connecting the fixtures with the waste- 
pipes should be made with a larger water r 
way than those at present in the market. 
A funnel-shaped coupliug, the top being 
wider, would seem advantageous, as in that 
case a larger quantity of water would be 
delivered down the waste-pipe, which 
would thus aid in scouring the trap 
under the fixture. 

The following sizes of waste-pipes for 
fixtures may be recommended : 
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Inched diameter. 

For one wash-basin.. H-H 

For a row of wash-basins, lf-2 

For wash- basin overflows. l±-li 

For one bath-tub > l$-2 

For bath overflows \\ 

For a row of bath-tubs, likely to be used 

at once 2-3 

For wnsh-tubs, each tub \\ 

For a set of tubs 2 

For kitchen-sinks 14-2 

For pantry-sinks. li-l£ 

For stop-sinks.. * , 2-8 

For one urinal li 

For a row of urinals 2 

Local conditions — for instance, unusu- 
ally heavy water-pressure in the supply- 
pipes — may sometimes demand a deviation 
from these sizes. 

The weight of lead pipe should be 
about as follows : 



inch pipe 2 lbs. per foot. 

114 " " 3 4< 

2 " " 5 " " 

4 " " 8 



< t *i 



ESSENTIAL ELEMENTS OF A SYSTEM OP 
HOUSE-DBAINAGE. 

We have thus far considered only the 
material, size, general arrangement, and 
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manner of jointing the drain, soil, and 
waste pipes in a house. We must now 
consider what the essential features of the 
system are to secure to the house perfect 
immunity from sewer-air. Briefly stated 
the essential features are : 

1. Extension of all soil and waste pipes 
through and above the roof. 

2. Providing a fresh-air inlet in the 
drain at the foot of the soil and waste 
pipe system. 

3. Trapping the main drain outside of 
the fresh-air inlet, in order entirely to ex- 
elude the sewer-air from the house. 

4. Providing each fixture, as near as 
possible to it, with a suitable self-cleansing 
trap, safe against siphonage, back pres- 
sure, evaporation, etc, 

5. Providing vent-pipes to such traps 
under fixtures as are liable to be emptied 
by siphonage, 

EXTENSION OF SOIL AND WASTE PIPES. 

The first requirement asks for a vertical 
extension of all soil and waste pipes 
through the roof. This extension affords 
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a ready outlet tor all gases that would 
otherwise tend to accumulate inside the 
pipe system. In the case of soil-pipes 
nothing short of an extension the full bore 
of the pipe will answer this purpose. It 
has been proposed, of late, to enlarge the 
soil-pipe from the highest floor to the 
roof to six inches diameter, in order com- 
pletely to prevent any stagnation of air in 
the pipe. Waste-pipes should be enlarged, 
from the point where they pass through 
the roof, to four inches diameter, as small- 
er outlets are liable, in cold climates, to 
become obstructed by the freezing of con- 
densed vapor. Plumbers sometimes use 
galvanized sheet-iron or even tin pipes of 
small diameter for this extension, but this 
is decidedly bad practice. It should be 
of the same material as the main soil- 
pipe, and its joints should be worked 
with equal care. 

To run the upper part of a soil or waste 
pipe into a chimney-flue is a practice 
which must be decidedly condemned. 
Bricks readily absorb sewer-air. There is 
at times a reversed draught in such flues, 
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causing sewer-air to escape at open fire- 
places into the rooms. 

The extension of soil and waste, pipes 
should terminate at a distance from any 
windows, louvred skylights, or ventilating- 
flues, and at least two feet below the top 
of the nearest chimney. It is desirable 
to have this extension as high as possible 
above the roof, so as well to expose the 
mouth of pipe to the influence of air-cur- 
rents. In order to prevent any obstruc- 
tion of the soil-pipe, plumbers often cover 
the mouth with a return bend. This, 
however, is objectionable, as it interferes 
with proper ventilation. Less bad is the 
plan of capping the soil-pipe with a suit- 
able fixed cowl, such as, for instance, Em- 
erson's or Wolpert's ventilator. The best 
plan seems to be to do away entirely with 
any cover to the soil-pipe mouth. Capt. 
Douglas Galton, in his book, " Construc- 
tion of Healthy Dwellings," says in regard 
to this question : " A tube or shaft with 
an open top acts best. It is, however, ne- 
cessary to protect the top, to prevent rain 
from entering the tube ; but a cover tends 
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more or less, according to its shape, to de- 
lay the current in the tube or shaft." 
This necessity of covering ventilating- 
tubes or chimney-tops to protect them 
from rain does not exist in the case of 
soil-pipes ; these may only want protec- 
tion against malicious introduction of 
stones or similar articles. A galvanized 
iron, copper, or brass wire basket set into 
the mouth of the soil-pipe will answer 
this purpose. 

There is no doubt that open-mouthed 
pipes have a better upward ventilation 
than pipes covered with cowls, if the wind 
blows horizontally or nearly so. Wolpert, 
in his " Treatise on Ventilation and Heat- 
ing," states the average useful effect in 
per cents, of the velocity of the wind, as 
derived from a number of experiments, to 
be : 

68.6 per cent, for open-mouthed tabes, 

51.9 per cent, for pipes capped with Wolpert's 

new cowl, 
85.8 per cent, for pipes capped with Wolpert's 

old cowl, 

for a horizontal direction of the wind. In 



78 

other words, the upward suction in a tube 
without any cowl it in the average equiva- 
lent to over | of the force of the wind, 
blowing over it in a horizontal direction. 
For pipes capped with Wolpert's new cowl 
it is only a little more than £ of the wind 
force, and for the old cowl it is \ of it 
As an average for other directions of the 
wind Wolpert finds the upward draught in 
pipes covered with his new and old cowls 
to be 51.5 per cent and 34.5 per cent, re- 
spectively, of the wind force.* 

The result of an elaborate series of 
about one hundred experiments upon ven- 
tilating cowls, made on seven different 
days, at different times of the day, and 
under different conditions of wind and 
temperature, by Messrs. W. Eassie, Rogers 
Field, and Douglas Galton, was as follows : 

* The current of air in these experiments was created by 
a powerful fan, the velocity of the current varying from 8 
to 81 metres per second (from 17.9 to 69.3 miles per hour), 
equivalent to high winds and hurricanes respectively. The 
diameters of the cowls tested varied from 787 to 8.987 
inches. It is to be regretted that the author did not extend 
his experiments so as to include much smaller velocities of 
current. It is very likely that for the latter the percentage 
of useful effect of cowls would be much smaller. 
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"After comparing the cowls very care- 
fully with each other, and all of them 
with a plain, open pipe as the simplest 
and, in fact, only available standard, the 
sub-committee find that none of the ex- 
haust-cowls cause a more rapid current of 
air than prevails in an open pipe under 
similar conditions, but without any cowl 
fitted on it. The only use of the cowls, 
therefore, appears to be to exclude rain 
from the ventilating-pipes ; and as this 
can be done equally, if not more efficient- 
ly, in other and similar ways, without di- 
minishing the rapidity of the current in 
the open pipe, the sub-committee are un- 
able to recommend the grant of the medal 
of the Sanitary Institute of Great Britain 
to any of the exhaust-cowls submitted to 
them for trial." 

FBBSH-AIE INLET. 

The second requirement calls for a fresh- 
air inlet or fresh-air pipe. This is no less 
important than the extension of the soil- 
pipes through the roof. In order to ef- 
fect a constant movement and change of 
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air in the pipes, two openings are required, 
an outlet and an inlet. The extension of 
the soil-pipe through the roof provides 
only an escape for the foul air generated 
in the soil-pipes and waste-pipes through 
the decomposition of foul organic matter, 
clinging to the interior of pipes and lodg- 
ing in traps under water-closets and fix~ 
tures. But in order to oxidize and thus 
render harmless this matter undergoing 
putrefaction within the pipes, a constant 
introduction of fresh air from the outside 
atmosphere is necessary. As the soil-pipe 
is warmer in winter-time (being in the 
constantly-heated house) than the fresh- 
air pipe located outside of it, an almost 
continuous upward current in the soil- 
pipe results. In summer-time this cur- 
rent is only seldom reversed; for as a 
general rule the top of the soil-pipe is 
heated by the sun more than the fresh- 
air pipe near the ground. 

There is a second and almost equally 
important reason for providing a fresh-air 
inlet wherever the third requirement, the 
trapping of the drain, has been complied 
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with. If a water-closet is used or a pail 
emptied into a slop-sink, the water dis- 
charged into the soil-pipe acts like a pis- 
ton ; although it is not likely to fill a 4- 
inch pipe, it certainly carries the air on 
its course downward with it by friction. 
Thus the descending water drives air be- 
fore it and out through the fresh-air pipe ; 
if this had not been provided it would 
very likely force the nearest traps under 
fixtures, and send a puff of sewer-air into 
the living-rooms. This reversed action 
of the fresh-air inlet does not occur suf- 
ficiently often to warrant the apprehen- 
sion of any danger in the location of the 
inlet. Of course it should not be too 
near under wiudows of living-rooms or 
dormitories, nor should it be placed too 
near the front steps of a city bouse. A 
little judgment should be exercised in lo- 
cating the fresh-air inlet. In cities hav- 
ing between the house and the street a 
wide parking it is best to build in this a 
small manhole, at the bottom of which the 
trap and opening for fresh air are located. 
The top of the manhole should then 



76 

be closed with a cover, having numerous 
openings so as to permit the outer air to 
enter the drain freely, and also to pre- 
vent as much as possible obstructions by 
snow or ice in winter-time. For this rea- 
son it cannot be recommended to open 
the fresh-air pipe into a gully in the side- 
walk, or in the floor of an area. Equally 
objectionable is the loeation of the fresh- 
air pipe in a coal-slide. It seems best to 
carry the fresh-air pipe some distance 
away from the house, and this is always 
practicable in the case of country houses, 
where the fresh-air pipe should prefer- 
ably be hidden from view by shrubbery. 

If the main trap is located inside the 
foundation- walls, the fresh-air pipe should 
enter the drain just above the trap by a 
T or Y branch. Only in rare cases does 
it become necessary to carry the fresh-air 
pipe vertically upward through the roof. 
This plan would neither be very efficient, 
as the difference in temperature of inlet 
and outlet pipe would be small, nor very 
economical. 

As regards size of the fresh-air pipe, I 
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would say that a 4-inch opening is gen- 
erally sufficient. This opening should 
be protected against obstructions by a 
strainer, grating, or a wire basket similar 
to that used for the upper end of soil or 
waste pipes. 

TEAP ON MAIN DRAIN. 

Our third requirement calls for a trap 
on the main drain between the sewer, 
cesspool, or flush-tank and the fresh-air 
pipe. A trap is practically a suitable 
bend or dip in the pipe, which retains a 
sufficient quantity of water to prevent the 
passage of sewer-air. 

The opinions of experts as to the advi- 
sability of trapping the main drain are 
divided, some considering the trap neces- 
sary, while others claim it should be omit- 
ted. 

The objections urged against the use of 
traps in such a position are as follows : 

1. They impede ihe ventilation of the public 
sewers. 

2. They form an obstruction to the flow of the 
sewage in the house-drain, and are, therefore, the 
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cause of accumulations of foul matter in the 
drain, which by its decomposition will generate 
noxious gases ; also, 
8. Foul matters will lodge in the trap. 

While the first objection does not strict- 
ly belong to the subject of this paper, I 
will say that it is accepted by most au- 
thorities that house-drains and soil-pipes 
should not be used as ventilators for the 
street-sewers. In exceptional cases — such 
as, for instance, where an entirely new 
sewerage system is built, designed and 
constructed according to uniform plans, 
and where not only the construction of 
sewers but also the house-plumbing is un- 
der constant supervision of the engineer 
ami designer of the system* — the trap 
(and consequently the special fresh-air 
pipe) may, perhaps, be left out. But I 
believe that a proper ventilation of sewers 
can be effectually carried out without ven- 
tilating through the houses, f 

* For instance, at Memphis, Tenn., and at Hamburg, 
Dantzig, Frankfort-on-Main, Berlin, Breslan, and other 
places in Germany. 

t See Mr. Edward S. Philbrick's articles on " Ventilation 
of Sewers," in the Sanitary Engineer, vol. i. See also 
Sanitary Engineer, vol. v., number 12, page 246. 
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In regard to the second and third ob- 
jections, I would say that obstructions do 
not frequently occur if the drain is care- 
fully laid with sufficient and continuous 
fall to insure a cleansing velocity of the 
flow. If such an inclination cannot be 
given to the drain, proper flushing appli- 
ances should be used, and these will, by 
daily or more frequent washings, insure 
the removal of all matters liable to lodge 
in the trap. Another most necessary pre- 
caution to prevent accumulations in the 
trap where the fall is very slight may be 
found in the use of a proper grease-trap, 
about which I shall speak hereafter. 

No amount of care in laying the drain 
will prevent its obstruction through care- 
lessly introduced articles ; these will often 
lodge in the trap. A cleaning-hole should, 
therefore, be provided with the trap, and 
is rarely omitted in good work, or else a 
Y branch, closed with a trap-screw, should 
be inserted just a little above the trap. 

In vol. iii. of the Sanitary Engineer 
will be found an exhaustive discussion of 
the advisability of trapping the main 
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drain. My own opinion, as stated in a 
communication to that journal, is as fol- 
lows : 

"If we could have ideal sewers, house- 
drains, and soil-pipes, it might, perhaps, 
be possible to dispense with such a trap 
altogether. But since all sewers may have 
temporary stoppages from some cause, 
sincfc house-drains may settle or leak, and 
joints of soil-pipes crack, thus allowing 
sewage matter to undergo 'putrefaction 
and enter the interior of houses, I would 
in all cases advise the use of $ safeguard, 
consisting in a disconnecting trap and a 
well-ventilated soil-pipe. This latter ar- 
rangement is a conditio sine qua non, and 
rather than have a trap without ventila- 
tion I would advise to have none at all. 
• . . I would always condemn as unsafe a 
system of house-drainage in which the 
public sewers are ventilated through the 
houses. . . . The work of ventilating pub- 
lic sewers should, in my opinion, be done 
by the same public authorities who devise 
the sewer system, and not by the house- 
holders." 
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Leuviug aside, however, the ease of 
a house-drain connecting with a public 
sewer, it seems quite evident that, in the 
case of a house discharging its sewage 
into a cesspool, an effective barrier should 
be imposed to the gases constantly gene- 
rated in that receiver of all foulness from 
the household ; and equally so in the case 
of a flush-tank, which temporarily holds 
a large amount of faecal and other refuse 
matter, which sometimes undergoes de- 
composition. 

The principle of disconnecting each 
house from the street-sewer was first ad- 
vocated in England, and its importance 
becomes most apparent in the case of an 
epidemic, as by the use of a trap for the 
main house-drain each house will be iso- 
lated, while if all houses have an open 
connection with a sewer, this and the 
house-drains may become the channels 
for spreading the disease from one house 
to another. It has been said by those not 
in favor of such disconnection that the 
air of the house-drain, the soil-pipe, and 
the branch wastes is much worse than 
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that of most city sewers, and that conse- 
quently no harm could be done by allowing 
the sewer to breathe through the pipes in 
the house. Such statement may be true 
in regard to the sewers of some cities ; in 
others, sewers, especially if built long ago, 
are extremely foul. But it seems to me 
that just where the air of drains and 
pipes is foul it needs a strong dilution 
and purification by abundant fresh air, 
which an opening to the outside atmos- 
phere can furnish, but never a direct con- 
nection with a sewer. 

An open connection of the house-drain 
with a sewer or cesspool is necessarily 
based upon the condition that every joint 
in the house is perfectly tight, and every 
trap perfectly trustworthy. As plumbing 
is done in most houses these conditions 
are only seldom fulfilled. But even where 
in new work such a standard of design 
and workmanship has been reached, the 
work may not remain so for ever. It 
is, therefore, advisable to use a trap on 
the main drain as a safeguard, but in ad- 
dition to this to insist upon occasional in- 
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spections. These become a necessity in 
the case of large buildings, such as hotels, 
schools, large factories, jails, and alms- 
houses. 

Incidentally it should be mentioned 
that a trap on the drain performs a most 
useful office during repairs or alterations 
of the plumbing work, in keeping from 
the interior of the building the gases from 
the sewer. 

Much, of course, depends upon a pro- 
per kind of trap for such disconnection. 
The old, so-called "cesspool trap" is, 
next to the pan-closet and the D-trap, the 
worst device ever proposed in connection 
with house-drainage. As usually con- 
structed it is of very large size, with 
square corners, and soon accumulates 
filth, becoming in a short time in reality 
a cesspool. 

The common running-trap, which is 
manufactured in earthenware as well as in 
iron, is the simplest and at the same time 
the best of all forms. It should pre- 
ferably have a vertical drop of a few 
inches from the drain to the water-line in 
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the trap, in order to break up and more 
easily expel any solids that would tend to 
Jodge in it. The running-trap is often 
provided with a cleaning and inspection 
hole at the house side of the water-seal, 
which serves as a fresh-air inlet when the 
trap is placed in a manhole outside of the 
house. In other instances a rain-leader 
is inserted into the opening of the trap, 
which thus receives abundant flushing at 
each rain-fall. The running-trap is some- 
times located on the line of the iron drain, 
just inside of the foundation-wall, so as 
to be at all times easily accessible. A 
trap, in iron, with a cleaning-hole and a 
cover, is then used. Care should be taken 
to close the cover perfectly air-tight. 

In all cases the trap should be so lo- 
cated as not to be liable to freeze in cold 
climates or exposed localities. 

In England various "disconnecting 
traps" have been used, such as Moles- 
worth's trap, Professor Reynolds's and 
Dr. Buchanan's disconnectors, Hellyer's 
Triple-Dip Trap, Pott's Edinburgh "air- 
chambered sewer-trap," Stiff's "inter- 
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ceptor " sewer*trap, Weaver's disoonnect- 
ing-trap, Mansergh's, Buchan's, Banner's, 
Stidder's, Bavin's traps, the " Eureka" 
sewer air-trap, and many others.* All of 
these may have certain merits, but no- 
thing could be better nor cheaper than 
the common running-trap with fresh-air 
pipe used almost exclusively in American 
plumbing. 

For those exceptional localities where 
undue pressure in the sewer from wind 
blowing into the outlet of the sewer, or 
from sudden changes of temperature (when 
exhaust steam is allowed to enter a sewer), 
or from heavy accumulations of surface- 
water gorging the sewer, or from the ac- 
tion of the tide in tide-locked sewers, 
frequently forces the seal of the trap, two 
running-traps with a proper vent-pipe be- 
tween them have been recommended. I 
have myself for some time advocated 
such an arrangement, which, after further 
experience, I think complicated and un- 
necessary. It would require either a pipe 

* For illustrations of these see the author's " Hints on 
the Drainage and Sewerage of Dwellings/ 1 New York, 
1884. 3d Edition, 18U3. 
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extended through the roof, between the 
two traps, or else an open shaft (a man- 
hole) between them, and besides this, in 
every case, a fresh-air pipe entering the 
drain above the upper trap. 

TRAPPING OF FIXTURES. 

The fourth essential, as stated above, 
calls for a suitable trap placed as near ai 
possible under every fixture. 

As regards this point I cannot agree 
with the views of Prof. Osborne Reynolds, 
of Owens College, Manchester. In his 
otherwise excellent little book, "Sewer- 
gas, and How to Keep it out of Houses, " 
after explaining the necessity of a discon- 
necting-trap on the main drain,, and giv- 
ing particulars about its construction, he 
continues : "There will then be no need 
to have traps within the house." 

Traps under fixtures become a neces- 
sity, as much of the so-called "sewer- 
gas" is actually generated in the drain 
and soil pipes of the house. Even the 
waste from a wash -bowl becomes coated 
in time with a soapy slime, emitting bad 
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odors. The trap on the main drain would 
offer no protection against the foul gases 
derived from organic matter decomposing 
within the pipes. We thus see that, while 
some advocate the trap on the main drain, 
but no traps under fixtures, others leave 
out the main trap, but trap the outlets of 
all fixtures. In my opinion both the 
trap on the main drain and traps under 
fixtures are usually necessary. 

Traps should be located as close as pos- 
sible to fixtures, in order to reduce the 
length of waste-pipe on the house-side of 
the trap, which is liable to become foul 
with long use. Probably the best mate- 
rial for traps is lead, as this permits of 
making a good joint with the lead waste- 
pipes. As Mr. Hellyer has truly pointed 
out, the junction of the trap with the 
waste-pipe is of far more importance than 
its junction with the fitting, because the 
former is on the sewer-side of the trap, 
and, unless properly made, would afford 
a passage for gases from the waste-pipe 
system into the rooms. 

Whatever kind of trap may be used 
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under fittings (and there is an endless 
number of such patented devices), it is 
of the greatest importance that the trap 
should be self -cleansing ; for this reason 
traps with square corners or large spaces, 
liable to accumulate sediment, are objec- 
tionable. Much depends on a proper size 
of traps for waste-pipes : the smaller the 
trap the better will it be scoured. Traps 
should never be larger in bore than the 
waste-pipe to which they are attached. 
It is preferable to have the house-side of 
the trap funnel-shaped where it joins the 
fixture, as this increases the scouring ac- 
tion of the flush. I would recommend 
to choose a trap a quarter or half an inch 
smaller than the diameter of the waste- 
pipe to which it is attached. The flush- 
ing stream is thus concentrated, and its 
scouring power increased within the trap, 
while, on the other hand, a trap an inch 
larger than the waste-pipe is sure to fill 
up in time with sediment. 

The following rules will serve as a 
guide : 
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Traps under water-closets with 4-in. soil-pipe 
should be 8 } in. to 4 in. diameter. 

Traps under wash-basins with l£-in. to l$-in. 
waste-pipe should be 1± in. to lj in. diameter. 

Traps under bath and foot tubs with l|-in. to 
2- in. waste-pipes should be lfc in. diameter. 

Traps under laundry-tubs with l$-iu. to 2-in. 
waste-pipe should be 1£ in. to 2 in. diameter. 

Traps under sinks with li-in. to 2-in. waste- 
pipe should be 14 iu. to 2 in. diameter. 

Traps under slop-sinks with 2-in. to 8-in. waste- 
pipes should be 2 in. to 8 in. diameter. 

As regards the proper dip of traps, I 
would say that traps under those fittings 
which receive solids (water-closets) should 
not have a greater dip than 1£ to 2 inches, 
because otherwise the solids are not read- 
ily removed, and lodge in the trap. For 
traps of minor wastes a larger dip or 
" water-seal " is advantageous, as afford- 
ing a better protection against loss of seal 
through evaporation, siphonage, or back- 
pressure. 

It is desirable that traps under those 
fixtures which receive a thorough flush- 
ing after use should hold as little water 
in volume as is consistent with a proper 
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and effective water-seal. Th6 contents of 
these traps will thus be more readily 
changed after each use of the fixture. 

It is a good practice to follow the emp- 
tying of a bowl, bath-tub, laundry-tub, 
or sink with some clean water from the 
faucet, in order to have clean water only 
standing in the trap. 

If traps are provided with access-holes 
or cleaning-screws, these should prefer- 
ably be arranged below the water-line in 
the trap. 

Traps may be classified, according to 
the means used for the exclusion of gases, 
into : 

1. Water-seal traps, 

2. Mechanical traps. 

3. Mercury-seal traps. 

The characteristic of all water-seal traps 
is that they have in their lowest part a 
bulk of water divided by a dip in the 
pipe, so as to stand on the house-side as 
well as on the sewer-side one or several 
inches higher than the lowest point of 
the dip, thus making a seal which, under 
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ordinary circumstances, prevents the pas- 
sage of gases. 

Traps of the second class have, in addi- 
tion to the water-seal, a mechanical con- 
trivance, such as floats, balls, valves, flaps, 
etc. , to exclude sewer-air. 

Traps of the third class have, in addi- 
tion to a water-seal, a seal of mercury as 
a protection against sewer-air. 

Of water-seal traps I mention the com- 
mon bell-trap, Antill's trap, Jennings's 
improved bell-trap, the old-fashioned D- 
trap, Smeaton's Eclipse trap, the Helmet 
trap, Hellyer's Mansion trap, Adee's pat- 
ent stench-traps, Brandeis's Paragon trap, 
Brandeis's Climax trap, the round trap 
and the bottle-trap, Connolly's Globe 
trap, Claughton's trap, the well-known 
S, P, and J-S traps, Hellyer's and Bu- 
chan's Anti-D-traps, Pickering Putnam's 
anti-siphon " Sanitas " trap, and many 
others. 

There is an endless variety of mechani- 
cal traps, amongst which I name floating 
ball-valve traps, such as Bower's traps, 
Putzrath's traps, Knight's trap; gravi- 
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iy-valve traps, such as Gndell's trap, 
Garland's trap, Buchan's trap, Waring 9 ! 
trap, Turner's trap, Jennings's trap, Ben- 
nor^s siphon-trap, Randolph's trap ; flap- 
valve traps, such as Pietsch's stench-trap, 
Clement's trap, Stidder's trap, Barrett's 
trap, etc. 

Of mercury-seal traps I mention Nich- 
olson's mercury-seal trap, Spratt's mer- 
cnry-seal trap, Cohen's mercury-seal trap, 
Edwards's "metallic-bar" trap, and 
others.* 

The bell-trap, A, Fig. 2, is objection- 
able on account of insufficient water-seal 
and improper shape. It is frequently 
found at the outlet of sinks and yard 
gullies, and, having in its upper part a 
movable strainer, the latter is often lifted 
by servants or thoughtless persons, and 
then the gases from the drain-pipe freely - 
enter the house. 

Antill's trap, B, avoids this defect, 
having a fixed strainer, but is objection- 

*For illustrations and descriptions of many of these 
traps the reader is referred to the author's work, " Hints on 
the Drainage and Sewerage of Dwellings." 3d Edition. 
New York, 1893. Wm. T. Comstock, Publisher. 
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able on account of shape and small water- 
seal. 

The D-trap, C, and the bottle or pot 
trap, D, constitute small cesspools ; they 
violate the principle that a trap ought to 
be self-cleansing. The D-trap accumu- 
lates dirt and grease in the upper corner, 
which receives no scouring from the water 
passing through the trap ; and the bottle- 
trap often chokes up, as shown at E. A 
pot-trap of improved shape is shown at 
F, which may keep cleaner on account of 
its round bottom. 

Adee's trap, 6, is little better in this 
respect, though it has this to recommend 
it : that it is not so easily siphoned, having 
a large air-space above the water, and a 
large .bpdy of water in the trap. This is 
also true of the round trap when new 
and clean ; when choked with grease, as 
shown at E, it is as much liable to siphon- 
age as the S-trap. 

The Climax trap, H, has a large dip 
and a round cup at its bottom, which is 
removable for cleaning purposes. Its re- 
sistance to siphonage is not greater than 
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that of any of the other traps, or that of 
the common S-trap with same depth of 
water-seal. 

The P-trap, I, aud S-trap, J, are shaped 
so as to be perfectly self-cleansing when 
adapted in size to their waste-pipes. 
They are of uniform diameter through- 
out, and have no nooks or corners to ac- 
cumulate dirt. The old hand-made S- 
traps with seams have been superseded by 
lead traps cast in a mould. Much better 
than hand-made and cast traps are the 
drawn lead traps, known as "Du Bois" 
traps, made by hydraulic pressure, same 
as lead pipe, and, therefore, free from 
sand-holes, flaws, or other defects. As 
regards cleanliness, S-traps are undoubted- 
ly superior to all other traps of which I 
have knowledge. They cannot, however, 
be relied upon to exclude sewer- air, as 
their water-seal is frequently destroyed 
either by siphonage or by evaporation. 
They are shown in Fig. 2, I and J, with 
a vent-pipe attached at the highest bend 
of the trap on the sewer-side of the seal. 
The object of this vent-pipe is to prevent 
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siphouage, as will be explained here* 
after. 

Putnam's anti-siphoning i i Sanitas " 
trap, shown in two sections at P, Fig. 2 f 
is a recently-devised water-seal trap of 
unusual shape and construction, which 
was designed by Mr. J. Pickering Put* 
nam, architect, of Boston, to answer the 
following requirements of a trap : 

1. The seal to bo a water-seal without 
additional mechanical seal. 

2. The trap to be self -scouring. 

3. The trap to be capable of resisting 
the severest tests of siphonage, momentum, 
and back-pressure that can ever possibly be 
brought to bear upon it in plumbing, and 
this without the aid of special ventilation. 

4. The trap to contain sufficient depth 
of water to be practically safe against 
evaporation. 

5. 6, and 7. The trap to be simple, 
economical to manufacture, and to bo 
made of durable material. 

8. To be so constructed that its interior 
can be inspected without removing the 
trap or any part of, it. 
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9, 10. To have a tight-fitting clean-out 
cap, arranged to be removed with perfect 
ease, and to admit of removing any for- 
eign substance that may have lodged in 
any part of it. All parts of the clean-out 
cap to be under water. 

11. The trap to be so formed as to offer 
the minimum of resistance to the flow of 
Water. 

12. The trap to be independent of the 
fixture to which it is attached, and to be 
easily connected or disconnected.* 

In order to prevent the loss of the seal 
by the passage of air-currents through it 
during siphonage, this trap has been given 
such a form that, " ivithout increasing 
the sectional area of any part, the water 
shall be entirely reflected back and sepa- 
rated from the air before it reaches the 
outlet/' " While in outward appearance 
the body resembles a small pot-trap placed 
horizontally, it has, in principle, the self- 
scouring form of the S-trap." 

Bower's trap is shown at K. This trap 

* See articles by J. Pickering Putnam, Esq., on " Sani- 
tary Plumbing " in the American Architect, 1883-84. 
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has a water-chamber into which the waste- 
pipe from the fixture enters at the centre, 
and an outlet-pipe on one side. The 
mouth of the inlet-pipe is sealed by the 
water in the chamber, but in addition to 
this a floating ball of india-rubber in the 
water-chamber is held tightly against the 
mouth of the inlet-pipe, forming a seal, 
which, however, depends on the quantity 
of water in the chamber. The water, in 
passing through this trap, removes the 
ball from its seat and rotates the same, 
thus keeping it clean and free from mat- 
ters adhering to it. An additional ad- 
vantage of this trap lies in the ball, which, 
being compressible, allows the water in the 
chamber to freeze without danger of the 
bursting of the cup. Unless the soil-pipe 
is extended full size through the roof 
this trap may have its water lowered by 
siphonage so much that the ball will 
drop from the mouth of the inlet-pipe ; 
but with proper ventilation of soil and 
waste-pipes it forms an efficient trap for 
wash-bowls, tubs, and sinks, although it is 
not as self-cleansing as the common S-trap. 
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Waring's check-valve is shown at 0. 
Iliis valve forms a seal by its weight, 
and the seal is dependent upon the ac- 
curacy of the turned seat. Hair and 
particles of other matters may adhere to 
it and prevent a tight shutting of the 
valve. 

Cudell's trap, L, and Buchau's trap, M, 
are constructed much upon the same prin- 
ciple, but have a heavy metallic ball in- 
stead of a conical-shaped valve. This ball 
may keep cleaner by being revolved, but 
in this case, as above, the tightness of the 
seal will depend upon the accuracy of 
turning the seat. 

Nicholson's mercury-seal trap, N, has 
an inverted porcelain cup inside of its 
cylinder, the edge of which rests on mer- 
cury, forming a tight seal. The cup is 
lifted at each discharge by the force of 
the water entering at the bottom of the 
cylinder ; after all water has passed from 
the basin the cup falls back in its place. 
This trap is generally made in earthen- 
ware with brass couplings ; it is therefore 
a more expensive trap, but the mercury 
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seal very efficiently prevents the entrance 
of sewer-air, even if tiie water in the cylin* 
der should be removed by siphonage or 
evaporation. 

VENTING OP TRAPS AND TRAP SIPHON- 
AGE. 

The fifth requirement asks for a proper 
vent-pipe for such traps under fixtures as 
may otherwise be siphoned. This siphon- 
age constitutes in many cases a danger, 
especially so with S-traps. Traps may be 
siphoned under the following conditions : 

1. Traps with an easy bend, on a 
rather steep line of waste-pipe, and with 
small depth of seal, are liable to empty 
themselves by the momentum of the water 
rushing from the fitting through them. 
The air in the upper bend of the trap is 
expelled and replaced by water, which 
causes the trap to act as a siphon. When 
the fixture has discharged all its water, 
and air breaks the siphon, the water in its 
inner limb will partly drop back into 
the trap; but in case of a small dip ic 
would be insufficient to seal the trap. 
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Unless a slow after-flash takes place the 
trap remains unsealed. 

2. Traps under fixtures may be si- 
phoned by a flow of water coming from 
another fixture on the same branch waste- 
pipe. 

3. Traps may be siphoned, by a dis- 
charge of a water-closet, a tub, or a pail 
of water poured into a slop-sink, into the 
main soil-pipe, to which the branch waste 
of the trap is connected. 

To guard against the first danger the 
dip or water-seal of the trap should be 
as great as possible. A special vent-pipe 
attached to the highest part of the bend 
in the trap on the sewer-side of the water- 
seal will prevent the self- siphon age, other- 
wise a mechanical or a non-siphoning trap 
should be used. 

To guard against the second danger the 
trap of each fixture may be vented ; if 
this cannot be done a non-siphoning trap 
should be used. Wherever possible each 
fixture should discharge independently 
into the soil-pipe, thus reducing the dan- 
ger from siphonage to cases 1 and 3. 
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The third danger from siphonage by a 
discharge into the main soil-pipe, either 
above or below the point where the waste 
from the trap enters it, will in some cases 
be sufficiently prevented by the complete 
and thorough ventilation of the soil-pipe. 
In other cases the venting of the trap be- 
comes necessary. In m#ny cases, however, 
a non-siphoning trap may safely be used. 

Where a number of water-closets dis- 
charge into the same inclined branch of a 
soil-pipe the air- vent to the water-closet 
trap becomes necessary, especially so with 
water-closets discharging quickly a large 
body of water, such as the various pat- 
terns of the plunger-closets (Zane, Demu- 
rest, Jennings) and some of the " wash- 
out " closets. 

Where slop-hoppers are trapped by an 
S-trap this must be properly guarded 
against siphonage, as the trap is very likely 
to lose its seal from the momentum of the 
water rushing through it each time a pail 
of slops is quickly emptied into the sink. 

The material used for air-pipes is lead, 
wrought-irou, or cast-iron. The short 
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branches from the crown of the traps to 
the vertical air-pipe stack are generally 
run with lead pipe, as this allows of a 
more ready connection with lead traps. 
All main vertical and horizontal lines of 
tiir-pipe of two or more inches diameter 
should be run with heavy cast-iron or 
wrought-iron pipe, and its joints made 
thoroughly tight. It is a mistake, fre- 
quently made, to use inferior material 
for such air-pipes. They are invariably 
filled with more or less foul air; their 
joints should, therefore, be as tight as 
those of soil and waste pipes. Care should 
be taken to lay these air-pipes with a slight, 
inclination, in order to prevent accumula- 
tion of water from condensation in the 
pipes. Vent-pipes for fixtures on diffe- 
rent floors may be joined, if convenient, 
and may enter the soil-pipe above the 
highest fixture. But it is preferable to 
run them to a main vent-pipe of lead, or 
better of iron, which goes through the 
roof independently. Where this passes 
through the roof it must be enlarged to 
four inches diameter, as it might, if of 
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smaller size, be obstructed by ice in win* 
ter-time. It should not be covered at 
the top with any kind of veutilator. The 
diameter of the vent-pipe should never be 
less than that of the trap, except for 
water-closet traps, where it should be two 
inches in diameter; but in the case of two 
or more water-closets it should be three 
inches, and sometimes even larger, espe- 
cially for high buildings and for long 
lengths of pipe. 

It is always costly and often very incon- 
venient to run vent-pipes to the roof. 
The plumbing work is greatly complicated, 
and the number of joints which may leak 
sewer-air greatly increased by trap venti- 
lation. There is also danger that the 
vent-pipes for traps under tubs, sinks, and 
bowls may stop up with soapsuds or grease, 
in which case they would cease to act 
properly. The continuous current of air 
in the vent-pipe, in passing over the water 
in the trap, undoubtedly increases its 
evaporation.* Finally it becomes neces- 

* See report to the Boston City Board of Health upon ex* 
periments on the evaporation of the water-seal of traps. 
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sary,in the case of high buildings, largely 
to increase the diameter of vent-pipes, in 
order to make up for the loss through 
friction necessarily occurring with long 
air-pipes. Therefore, while I consider 
vent-pipes for traps a necessary evil in 
many cases, especially for water-closet 
traps, I am inclined, in other cases, to 
prefer a good non-siphoning water-seal or 
mechanical trap, provided the soil and 
waste pipe system has ample ventilation. 
Such a mechanical or anti-siphoning trap 
may be used under sinks, tubs, and bowls, 
but for water-closets and slop-hoppers (if 
without a strainer) the simple lead water- 
seal trap with vent attached is the only 
safe device, except a few water-closets 
having an unusual depth of seal. 

EVAPORATION OF WATER IN TRAPS. 

Nothing short of continuous use of the 
fixtures will prevent evaporation of the 
water in traps. A large dip is recom- 
mended for traps on waste-pipes, to guard 
against a rapid loss of the seal. When 
a house remains unoccupied for a long 
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time, but especially during the hot sum- 
mer months, special precautious should 
be taken to prevent sewer-air from en- 
tering the rooms and saturating carpets, 
wall-paper, and furniture. Eeplacing the 
water in traps with oil or glycerine may 
be recommended, or else the use of com- 
mon rock-salt, which attracts sufficient 
moisture from the atmosphere to make 
up for the loss by evaporation. 

Where fixtures are likely to remain out 
of use for some length of time it may be 
better to use a well-shaped bottle-trap 
with deep water-seal or a mechanical trap, 
or else a mercury-seal trap. 

Attention is called to the increased 
rapidity with which evaporation of the 
water-seal takes place in traps with vent 
attached, as compared with non-ventilated 
traps. 

It is also true that the ventilation on 
the house-side of the trap by pipes run to 
special hot flues must largely increase the 
evaporation, which is of importance in 
case fixtures are not continuously used, as 
in guests' rooms, hotels, etc. 
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Mr. J. Pickering Putnam, in his article* 
on " Sanitary Plumbing," referring to 
the much -increased evaporation of the 
water-seal by trap ventilation, thus truly 
and forcibly states the dangers incurred : 

" Traps are left in disuse, and subject 
to the danger of loss of seal by evapora- 
tion, much oftener than is generally sup- 
posed. Thus they are unused in city 
houses which are left unoccupied during 
summer ; in country houses which are 
unoccupied during winter ; in hotels and 
apartment-houses during the quiet sea- 
sons, or at times when they are only part- 
ly filled ; in private houses in the spare 
chambers reserved for visitors ; in busi- 
ness offices between the expiration and re- 
newal of their leases ; in school-houses, 
and all public and private office-buildings, 
at times of vacation ; in houses or cham- 
bers closed on account of the absence of 
their owners for travel, sickness, death, or 
any other cause ; in cases of drought, or 
'cut-off' of water-supply for repair of 
pipes, rebuilding, or other cause ; in ex- 
tra fixtures in houses, and in other places 
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and at other times which will, upon reflec- 
tion, occur to the readers." 

LOSS OF WATER-SEAL IK TRAPS THROUGH 
CAPILLARY ATTRACTION. 

The water-seal in traps may also be lost 
through the effects of siphonage and ca- 
pillary attraction. If a small amount of 
lint or a few hairs or jute remain in the 
body of the trap, with one end lying over 
the outlet bend, a part of the water in 
the trap may be drawn off by capillary 
attraction and the seal destroyed. This 
action may frequently occur with traps 
which are not self-cleansing ; and it may 
also happen with self-scouring traps, if 
they remain for any length of time im- 
perfectly flushed. Entrance of sewer-air 
and bad odors in bath-rooms may often 
be due to such cause. Mr. J. Pickering 
Putnam has lately made numerous care- 
ful and valuable experiments on this sub- 
ject, and his conclusions are that capil- 
lary attraction can conduct the water only 
to a certain distance above the water-level 
in the trap, the limit of this distance 
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being 3£ inches. Hence a deep seal is a 
protection not only against back-pressure, 
self-siphonage, evaporation, and siphon- 
age, but also against loss of seal by capillary 
attraction. He further calls attention to 
the fact that capillary attraction greatly 
increases the loss by evaporation in venti- 
lated traps. 

We think that if traps were construct- 
ed as suggested heretofore, without nooks 
or corners, and so restricted in size as to 
be thoroughly flushed at each discharge of 
the fixture, the danger from bits of twine 
or lint remaining in the trap is not great. 
To arrange traps under fixtures in such a 
manner that their water-seal can always 
be seen is certainly desirable ; still, it can- 
not be expected that the majority of 
householders should take the trouble to 
examine each day all traps in the house to 
see if their water-seal is intact. 

ABSORPTION OF GASES BY THE WATER IN 

TRAPS. 

It is well known that water has the 
property of absorbing gases, and it was 
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believed that the water in traps would 
readily absorb sewer-air from the soil-pipe 
and give it off at the house-side of the 
trap by evaporation. It has also been as- 
serted that microscopic organisms (germs 
of disease) floating in gases of decay 
would pass through the dip of the water- 
seal and enter the house through the fix- 
tures, and that consequently the water- 
seal of traps offered no security against 
the invasion of sewer-air. Dr. Fergus, of 
Glasgow, Scotland, was the first to call 
attention to this matter, and made an ex- 
tensive series of experiments in 1873-74, 
which led him to condemn as unsafe the 
system of water-carriage in general, and 
the trapping of fixtures. The views of 
sanitarians, based upon Dr. Fergus's ex- 
periments, have been much modified by 
recent experiments of Dr. Carmichael, 
of Glasgow,' by researches of Dr. Frank- 
land in London, Wernich and Naegeli 
in Germany, Prof. Bafael Pumpelly 
and Prof. Smyth in Newport, E. I., and 
others. 
Dr. Fergus's experiments were made 
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with gases in a concentrated condition, 
and as such are quite as reliable as the 
more recent experiments. But the latter 
more closely resemble actual cases, being 
made by experimenting directly with soil- 
pipe gases. Referring to what has been 
said about sewer-air, it will be seen that 
ammonia, sulphuretted hydrogen, and 
other gases of decay are present in drains 
and soil-pipes only in minute quantities. 
Dr. Carmichael found that the amount of 
these gase3 passing through a water-seal 
trap was so extremely small that no dan- 
ger could be apprehended. With a tho- 
roughly ventilated system of soil and 
waste pipes this peril may be taken as in- 
significant. 

Another set of experiments by Dr. Car- 
michael, made to determine the passage 
of germs through water, seems, to indicate 
that germs, even if contained in the water 
of traps, are not liberated from it, as was 
hitherto supposed, unless the water is vio- 
lently agitated. Frankland in England, 
Naegeli in Germany, and Prof. Pumpelly 
in Newport, R. I., arrived at the same 
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conclusion, after careful investigations 
and experiments. 

Dr. Carmichael sums up his conclu- 
sions by saying : "Water- traps are, there- 
fore, for the purpose for which they are 
employed — that is, for the exclusion from 
houses of injurious substances contained 
in the soil-pipe — perfectly trustworthy. 
They exclude the soil-pipe atmosphere to 
such an extent that what escapes through 
the water is so little in amount and so 
purified by filtration as to be perfectly 
harmless; and they exclude entirely all 
germs and particles, including, without 
doubt, the specific germs or contagia of 
disease. . . ." 

Further scientific researches will un- 
doubtedly throw more light on this yet 
little-investigated subject. 

TRAPS FORCED BY BACK-PRESSURE. 

It has already been explained how traps 
under fixtures may be forced by back- 
pressure. This cannot, however, occur 
with traps under fixtures, if all soil and 
waste-pipes are properly extended through 
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the roof and provided with a fresh-air 
opening at their foot. 

PLUMBING FIXTURES. 

The various plumbing fixtures which 
receive and deliver to the drain the foul 
wastes of the household will be reviewed 
here* only from a sanitary point of view.* 

Plumbing fixtures should be concen- 
trated in a house as much as possible in 
vertical groups, so as to render necessary 
only few vertical stacks of soil and waste 
pipes, and to avoid long horizontal runs 
of pipes, which are objectionable, between 
floor-joists — first, because they necessitate 
the cutting of beams ; second, because 
they prevent the running of waste-pipes 
with proper fall. Much may be effected, 
in planning a new building in this direc- 

* For more detailed technical descriptions of plumbing 
appliances I refer to the interesting series of articles on 
"Modern Plumbing," by T. M. Clark, Esq., in the Ameri- 
can Architect for 1878, and to the numerous papers on 
"Plumbing Practice " in the Sanitary Engineer; also to 
the valuable series of papers on "Sanitary Plumbing," by 
J. Pickering Putnam, Esq., Architect, in the American 
Architect, and to the author's articles on " Domestic 
Sanitary Appliances," published in Good Housekeeping. 
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tion, by a proper attention of architects to 
its drainage system. 

To householders and persons about to 
build a house I would give the general 
advice to have only.few plumbing fixtures, 
as few as they can possibly get along with, 
but to have these of the very best quality 
and fitted up in the very best manner. It 
is much better to have only one water- 
closet in a house, used constantly by all its 
occupants, and therefore frequently flush- 
ed, than to have half a dozen or more, each 
used only little. Plumbing fixtures con- 
stantly used need not be a menace to 
health, if properly arranged and well 
taken care of The danger arises chiefly 
from apparatus not always used, from fix- 
tures in spare rooms, from plumbing in 
houses left unoccupied for a great length 
of time, from unflushed overflow-pipes, 
and water-seals of traps lost by evapora- 
tion. 

It has recently been proposed by some, 
in view of the great danger to health from 
defective plumbing, to arrange all fix- 
tares in an annex, separated from the 
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living and sleeping-rooms of the house. 
This would be not only inconvenient but 
impracticable in cold climates, unless such 
annex can be separately heated. All that 
needs to be done is to remove plumbing 
fixtures from sleeping-rooms, as sewer-air, 
entering these through leaky joints or de- 
fective traps and fixtures, would be much 
more dangerous to persons inhaling it 
during sleep than during hours of active 
exercise. Wherever possible it is desir- 
able to locate water-closet apartments and 
slop-sink closets so as to be cut off from 
the main part of the house. This would 
involve the separation of the water-closet 
from the bath-room, such as is common 
in Europe, but little known in this coun- 
try, and which arrangement I am inclined 
to favor, especially in the case of a house 
with only few plumbing fixtures, occupied 
by a large family. 

If proper regard were paid to the ven- 
tilation of rooms containing plumbing 
fixtures the risk from sewer-air would 
be infinitely reduced. Unfortunately, it 
has hitherto been the habit with most 
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people to care more for the bright look of 
their fixtures, for decorated china-ware, 
costly marble slabs, silver-plated faucets, 
chains, and tubs, for handsomely-finished 
woodwork around bowls, water-closets, 
sinks, and tubs, than for the proper trap- 
ping and ventilating of such apparatus. 
Tight woodwork around bowls, tubs, 
sinks, slop-hoppers, and water-closets, 
which is the rule in ninety-nine out of 
every hundred houses, forms harboring- 
places for vermin ; such corners accumu- 
late in time dust, and become exceedingly 
filthy, damp, and foul-smelling. The en- 
casing of plumbing fixtures should be 
abandoned for sanitary reasons. Damp- 
ness and nasty odors can be prevented by 
keeping such spaces entirely open, so that 
a free current of pure air sweeps around 
the fixtures, the most remote corner of 
which is thus made accessible to servants 
for cleaning purposes. But even with 
good sanitary appliances, properly venti- 
lated and connected with self-cleansing 
traps and waste-pipes, the householder 
should not forget that constant care and 
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watching is imperative, as well as a 
thorough cleansing and scrubbing as often 
as once a week, and preferably of tener. 

Sufficient hints will be given in the fol- 
lowing pages as regards the merits and 
defects of the various plumbing fixtures, 
especially the different types of water- 
closets, to guide the householder in select- 
ing proper and satisfactory appliances. 
In regard to the selection of a proper 
water-closet — and, in fact, of every plumb- 
ing fixture — a certain embarrassment 
arises to every householder, in so far as 
almost every manufacturer naturally 
thinks his goods the best and safest to be 
used. Should the householder be unable 
to make a selection from his own judg- 
ment, he should consult an architect or 
sanitary engineer of reputation. Should 
he decide from personal opinion and ex- 
amination of closets, let him bear in mind 
that closets almost without exception pre- 
sent a good and cleanly appearance in 
manufacturers* showrooms. The real test 
of the efficiency of a water-closet is some 
months* severe use in a frequented place 
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(which, however, should he under constant 
supervision of a janitor). In this connec- 
tion I would advise to choose none but 
the very best apparatus for the use of the 
servants. A servants' water-closet is like- 
ly to receive a rougher treatment and less 
cleaning than closets for use of the family; 
closets with movable machinery (pan, valve, 
and plunger closets) are especially objec- 
tionable, as they frequently get out of 
order ; no cheap kind of hopper should be 
used. An automatic flushing arrange- 
ment for servants' and children's closets 
will secure better cleanliness than arrange- 
ments to be worked by hand. 

In speaking of water-closets in general 
further points of importance for the selec- 
tion of such apparatus will be mentioned. 

The material for plumbing fixtures 
should be strong and durable, non-absor- 
bent, non-corrosive, and highly smooth on 
the surface. The arrangement of fixtures 
should always be as plain and direct as 
possible. Outlets of all fixtures, except 
water-closets, must be protected against 
obstruction by a fixed strainer. 
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Wherever there are plumbing fixtures 
there should also be an abundant and 
never-failing water-supply to insure clean- 
liness, flushing of fixtures, and a perfect 
water-seal in the traps. Fixtures should 
never be located in rooms without proper 
and ample ventilation. It is preferable to 
locate water-closets and urinals in well- 
lighted apartments having windows to the 
outer air. This insures cleanliness and 
prevents fouling of fixtures through im- 
proper use. 

Each fixture connected to the soil or 
waste pipe system must be provided near 
its outlet with a suitable and reliable trap. 
The water in the trap of any kind of 
plumbing fixture ought to be frequently 
changed. Stagnation of water or air 
should be avoided, not only in the drains 
and vent-pipes, but in the traps as well. 

It is useful and, where cost is no objec- 
tion, advisable to ventilate the house-side of 
the traps and overflow-pipes by a vent-pipe 
running into some special flue, constantly 
heated for such purpose. A draught is 
thus created from the room through the 



119 



fixtures into the heated flue, and any gases 
given off at the house-side of the water- 
seal may thus be effectually removed. 
This arrangement, however, should be 
adopted only for fixtures in constant use, 
for it is obvious that the draught from the 
hot flue will largely increase the evapora- 
tion of the water in the trap. As long as 
fixtures are in constant use the traps will, 
of course, be always refilled. 

BRANCH WASTES FROM FIXTURES. 

Fixtures are connected to the soil and 
waste pipe system by branch wastes car- 
ried under the floors. The material used 
almost exclusively for such branch wastes 
is lead, and the sizes adapted to different 
fixtures have already been stated. The 
connection is very simple in the case of a 
single fixture, such as a kitchen-sink or 
a lavatory. The problem becomes more 
intricate in the case of a set of fixtures, 
such as are generally located in a bath 
or dressing room. A bath-room of the 
better class of city houses contains a wa- 
ter-closet, a bath-tub, and a lavatory, 
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sometimes also a hip-bath or bidet. It is 

desirable that each of these fixtures should 
have a separate connection to the soil- 
pipe. Such is seldom possible, except 
when the soil-pipe is located in a special 
shaft, or where it is possible to conceal 
the pipe and Y branches by a " false ceil- 
ing," as the height of timbers does not 
generally allow of the placing of more 
than one Y branch. 

A very common but most defective 
manner of overcoming the difficulty con- 
sists in emptying the wastes of bath-tub 
and bowl into the water-closet trap below 
its water-line, supposing the water-closet 
to be of such type as requires a lead trap 
below the floor. As the waste-pipes have 
only a slight fall to the trap, the water 
of the latter, which frequently holds ex- 
cremental matter, will stand for a long 
distance back in the waste-pipe and keep 
it continually foul ; the free flow from 
the bath and bowl is much retarded, the 
waste being air bound between the water- 
closet trap and the traps of bowl and 
bath. Matters are even worse when the 
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water-closet trap is meant to serve also as 
trap for the bowl and bath, these having 
no traps placed under them. The foul 
water standing back in the waste-pipes 
will then readily evaporate into the dress- 
ing-room and fill it with noxious odors. 
Moreover, it frequently happens that this 
trap becomes displaced by tipping over, 
or that the waste-pipe attached to the 
trap sags, so as to render the water-seal, 
which is rarely over an inch in depth, in- 
effective. It will be readily understood 
how, under such circumstances, the foul 
gases of the soil-pipe — especially if this 
be un ventilated, as is so often found in 
examining old houses — gain an easy ac- 
cess into our rooms. Should the main 
drain have an untrapped connection to a 
sewer or cesspool, the gases from these 
would ascend and permeate the whole 
building. Such instances of faulty work 
are by no means rare, and are causes of 
much preventable headache and sickness. 
To run such wastes into the water-closet 
trap above its water-line is equally wrong. 
Where the water-closet is some distance 
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away from the soil-pipe, it is possible to 
insert between its trap and the junction 
with the soil-pipe, on the horizontal part 
of the soil-pipe, two 4" x 2" Y branches, 
or else one double Y branch for bath and 
bowl wastes. Where the water-closet is 
quite near the soil-pipe, and the connect- 
ing-pipe between them is of lead, the 
wastes from bowl and bath may join the 
latter beyond the trap. Wherever there 
is room enough, a 4" X 2" double Y branch 
may be inserted vertically below the wa- 
ter-closet branch on the soil-pipe, or else 
one 4" x 2" Y for bowl above the water- 
closet branch, and a 4"x2" Y below it for 
the bath waste. It seems desirable that 
the iron -works should manufacture a com- 
bined Y branch, having a 4-inch opening for 
the water-closet waste, and one or two 1| 
to 2-inch openings for the smaller wastes.* 
Long lengths of waste-pipes under floors 
are objectionable ; to avoid them it is 
sometimes better to provide a special stack 

* A Y branch with 4-inch outlet for the water-closet and 
2-inch side-outlets for a bath or bowl is manufactured for 
use in the Durham system of house-drainage. 
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of 1£ t° 2-inch vertical iron waste-pipe near 
lavatories or baths, where these are re- 
mote from the main soil-pipe. 

It is customary to provide bath-tubs, 
wash-bowls, and pantry-sinks with an 
overflow-pipe, in order to prevent flood- 
ing of floors if the outlet of any of these 
fixtures should be closed by a plug and 
a faucet carelessly left running. These 
overflow-pipes should enter the waste be- 
tween the fixture and its trap, or else they 
should enter the trap below the water- 
line, so that the trap serves for both waste 
and overflow. Overflow-pipes do not re- 
ceive a thorough flushing, and are liable 
to become foul with soapsuds, emitting 
unpleasant odors. For baths, fortunately, 
the overflow-pipe can be safely dispensed 
with by using the standing overflow, and 
the same arrangement of a standing waste 
may take the place of a chain and plug 
and overflow-pipe in a pantry sink. Wash- 
bowls with "patent overflow" — i.e., a con- 
cealed channel in the earthenware bowl — 
have the length of the overflow reduced 
to a minimum, while tip-up lavatories do 
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away entirely with the objectionable over- 
flow-pipe. Such is also the case with all 
forms of washbasins with standing over- 
flow in place of chain and plug. 

A set of laundry trays is generally 
trapped by only one 'trap, thus leaving a 
long length of waste-pipe in connection 
with the air of the room. Such wastes, 
properly restricted in size, and laid with 
sufficient inclination, can be kept well 
flushed, but I prefer to trap each laundry 
tub separately. 

In the case of a set of water-closets or 
urinals, I consider it imperative to have a 
separate trap under each fixture. 

It is of the utmost importance that the 
connection between a water-closet and the 
soil-pipe should be absolutely tight The 
different types of water-closets are pro- 
vided at their outlets either with a lead 
trap under the floor, or else they have a 
trap of iron or earthenware, as the case 
may be, above the floor, or they are so- 
called "trapless" closets, in which case 
the only water-seal against gases is formed 
by the water held in the bowl (either by a 
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valve, pan, or plunger, or by a special 
shape of the bowl). For water-closets 
having a lead trap under the floor a brass 
ferrule is connected by a wiped joint to the 
end of the trap, and the ferrule is insert- 
ed into the hub of the iron soil-pipe and 
caulked tightly. The house-end of the 
lead trap is flanged t>ut, and the earthen- 
ware or iron horn of the closet inserted 
into it, resting with its horizontal flange 
upon a ring of soft india-rubber, or of 
oakum, saturated with red lead. Wood 
screws, drawn through the horizontal 
flange into the floor, tighten the con- 
nection. 

In the case of trapless closets and such 
with a trap above the floor, the outlet is 
generally connected by a lead thimble to 
the soil-pipe in the same manner as just 
described for lead traps. 

Such a connection is in neither case a 
perfect one. But in the case of closets 
with trap under the floor this connection 
is on the house side of the trap, and the 
danger from leakage of sewer-air from 
the soil-pipe is prevented by the water- 
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seal. With trapless closets (such as some 
pan-closets, valve-closets, and plunger- 
closets), with closets having the trap above 
the floor (short hopper and some plunger 
closets), and, finally, with all " wash-out " 
closets, such a connection is dangerous, 
and a better joint than is used at present 
should be devised — such as, for instance, 
a connection by means of a brass floor 
flange or plate between water-closet outlet 
and the lead-pipe connecting with the iron 
soil-pipe. 

In the Durham system of house-drain- 
age water-closets are supported on an iron 
base or iron trap with flange in direct and 
rigid connection with the soil-pipe, thus 
being made entirely independent of floors, 
and not affected by settling or shrinkage. 

SAFE- WASTES. 

In order to prevent the flooding of 
floors and ceilings, fixtures, such as wash- 
bowls, bath-tubs, water-closets, etc., are 
often lined with a safe of sheet-lead pro- 
vided with a waste-pipe. In bad plumb- 
ing work these "drip-pipes" are either 



r 



127 



connected to the nearest soil or waste pipe 
— *)ften even without a trap— or else, in 
the case of water-closet safes, are made 
to run into the water-closet trap. Such 
drip-pipes should not be connected at all 
to the drainage system. They should run 
vertically downward to the cellax*, and dis- 
charge either over a sink or terminate at 
the cellar ceiling. Should it be feared 
that the drip-pipes might become the 
channels for leading the cellar air into 
the upper rooms, their mouths should be 
closed with paper glued over them, or the 
pipes should have an upward bend closed 
by a ball which is prevented from drop- 
ping by wire bands. 

Lead safes aud drip-pipes may be neces- 
sary in the case of expensively-decorated 
ceilings. In all plain work it is much 
better to dispense with them altogether, 
substituting for the clumsy and ill-look- 
ing safes a water-tight floor of Portland 
cement, terrazzo or mosaic work, slabs of 
slate, a marble floor, a floor laid in white 
Minton tiles, or even a plain, well-jointed, 
hard-wood floor. 
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CISTERN 0VEBFL0W-PIPE8. 

Both underground cisterns and cisterns 
in the attic of a house should be pro- 
Tided with an overflow. The usual cus- 
tom has been to connect this overflow- 
pipe to the drain, or, if inside a house, 
to the soil-pipe. In consequence of this 
most pernicious practice the water was 
contaminated ; and since water is known 
to be a carrier of disease germs not less 
so than the air, sickness and deaths were 
traced to this faulty arrangement. 

N~o overflow from a cistern for cooking, 
washing, or drinking water should be con- 
nected to any part of the drainage system 
under any circumstances. Even if pro- 
perly trappeJ the danger is not removed, 
as the water in this trap evaporates, and, 
as au overflow seldom occurs, no water 
refills the trap and drain-air passes freely 
into the tank. This overflow should be 
made to run into the gutter of the roof 
wherever this is practicable. In cold cli- 
mates or in exposed places its outlet 
Bhould be protected by a flap-valve. If, 
for some reason, the above course cannot 
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be followed, the overflow should discharge 
over an open sink in the basement or cel- 
lar. If the cistern is located outside of 
the house the overflow should be carried 
to some low point, where it should have 
an open outlet, protected by a strainer 
against the entrance of mice or vermin. 
Blow-offs for water-tanks should be treated 
similarly to the overflow-pipe. 

REFRIGERATOR WASTES. 

It is not safe to have a direct connec- 
tion between a refrigerator waste and 
drain or soil pipes, for reasons given above 
for overflows of cisterns. Small refrige- 
rators may waste into a pail, to be re- 
moved and emptied periodically. 

Wastes from large refrigerators are very 
apt to become coated in a short time with 
slime and dirt. They frequently stop up 
and become offensive, especially if the ice 
used is very impure. 

Such large refrigerators should empty 
over an open tray. This, in its turn, may 
have a waste-pipe and a stop-cock to dis- 
connect the tray from the drain-pipe sys- 
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tern in case the refrigerator is put out of 
use for a long time. The waste-pipe 
must also be trapped before joining the 
nearest soil or drain pipe, and for such 
wastes a non-siphoning trap or a trap 
with a mechauical seal is decidedly pre- 
ferable to the common vented S-trap. 

WASH-BASINS. 

Little of sanitary importance may be 
said with regard to wash-basins. If pro- 
perly fitted with waste-pipes of proper 
size and material, and efficiently protected 
by a good trap, they may be considered 
perfectly safe conveniences in dressing- 
rooms. Their use in sleeping apartments 
and in closets or boudoirs near bedrooms 
without independent ventilation is at- 
tended with considerable risk, and the 
habit of putting stationary lavatories in 
such rooms, which has become so general 
nowadays, should be earnestly discour- 
aged, especially for such rooms as are not 
continually occupied (summer residences, 
hoteiS, etc.) This, however, is equally 
true of any other plumbing fixture. 
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Wash-basins are usually made in earth- 
enware, this material being the cleanest 
and best for the purpose. Iron-works 
manufacture cheap iron wash stands, 
plain, painted, galvanized, or enamelled, 
which may answer for office use, for pri- 
son cells, etc. Copper basins are rarely 
used. 

Earthen bowls are attached by brass 
basin-clamps to marble slabs, the joint 
between them being made tight by means 
of plaster of Paris. To prevent damage 
to ceilings the bowls are provided with a 
number of holes near the upper rim, lead- 
ing to a short horn to which a lead over- 
flow-pipe is attached. Some bowls have 
a " patent" overflow, a concealed channel 
in the side of the bowl. 

The outlets of bowls are commonly 
closed by means of india-rubber, brass, or 
plated plugs, to which a chain is attached. 
The annoyance caused in lavatories of 
public places by too frequent breakage 
of the chain, necessitating the removal of 
the plug by placing the hands into bowls 
containing dirty water used by some un- 
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known person, has led to the invention of 
a number of valve-wastes for bowls. In 
most of these- as, for instance, McFar- 
land's and Foley's waste-valves, Moore's 
non-overflow basin and waste-valve, Mad- 
dock's Sanitary Valve wash-basin, Cooper, 
Jones & Cadbury's secret valve-waste, 
Bennor's basin-valve, Jennings's pull-up 
waste-valve, Tyler's quick-waste valve, 
Boyle's valve, and the Boston waste * — 
the outlet is closed some distance away 
from the bowl, thus leaving the bowl in 
connection with the valve-chamber, which, 
after each use, remains coated with soap- 
suds and foul slime. At the next use of 
the bowl the clean water mingles with 
this waste matter and becomes soiled even 
before ubc Moreover, the valve-chambers 
get more or less foul after some use and 
emit noxious smells into the rooms. 

A device which closes the bowl directly 
at its bottom is "Weaver's waste." By 
simply touching a knob connected with a 

* For illustrations of these valves see the author's " Hints 
on the Drainage and Sewerage of Dwellings." New York, 
8d Edition, 1893. William T. Comstock, Publisher. 
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lever the stopper in the bottom of the 
bowl is lifted and held in place. Stid- 
der's discharge-valve for basins is similar 
to it', and Underhay's registered basin- 
valve is a flap- valve, closing the bowl at 
its bottom. 

Jennings's "tip-up basins " also do away 
with chain and plug, and are very conve- 
nient for use, as the basin is emptied by 
simply tilting it, thus discharging its con- 
tents into a bowl underneath, which is 
concentric with the upper basin and to 
which the trapped waste is attached. It 
appears at first sight to be a cleanly de- 
vice, but it gradually accumulates foul- 
ness in the lower basin, which receives no 
special cleansing, and for this reason tip- 
up basins should only be used where a 
stricter regard to cleanliness of plumbing 
fixtures is paid than is usual in most 
households. The manufacturer has re- 
cently improved these tip-up basins by 
hanging the bowl in such a manner that 
it can be lifted for cleansing purposes with- 
out trouble or mechanical action. An 
advantage of " tip-up " lavatories consists 
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in the absence of a special overflow-pipe, 
which latter is often the cause of annoy- 
ing odors. 

The objection raised against most valve- 
wastes for bowls — namely, that the walls 
remain coated with a more or less foul 
slime after emptying the bowl — is also 
true in regard to the bowl itself. In pri- 
vate houses these are, of course, well taken 
care of and daily cleaned ; but in public 
lavatories, used rapidly in succession, a 
decided lack of cleanliness is felt. An 
entirely new departure in wash-bowls, so 
far as this country is concerned — for it has 
been manufactured by J. Tylor & Sons and 
others in England — would be a flushing- 
rim lavatory boiol, supplied with hot and 
cold water through a nozzle, to which both 
supply-^pipes are attached. By opening 
either faucet hot or cold water, as desired, 
would enter the bowl simultaneously at 
all sides, and give it a thorough downward 
rinsing flush. The outlet of the bowl 
may then be closed and the bowl filled 
with clean water. With such a flushing- 
rim bowl some of the valve-wastes would 
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become unobjectionable even to the most 
fastidious. 

The same firm, J. Tylor & Sons, manu- 
factures a back-outlet flushing-rim lava- 
tory, which empties itself quickly, and is, 
therefore, to some extent self -clean sing. 

To make the flushing-rim lavatory per- 
fect in neatness and cleanliness the 
marble slab to which the bowl is clamped 
should be supported by handsome brackets 
of iron, brass, or marble, leaving off all 
carpentry underneath. The floor under 
the bowl and the rear wall may be neatly 
finished in white tiles, or in cement or 
terrazzo floor, so as to be impervious, thus 
doing away with the unsightly safe-lining 
underneath the bowl. If tiling or a ter- 
razzo floor is considered too expensive,, a 
well- finished hard- wood floor should be 
used. 

The arrangement suggested for fitting 
up flushing-rim lavatories applies equally 
to common wash-stands. Hitherto more 
or less tight woodwork has been used to 
encase the space under wash-bowls in 
order to hide from view traps, supply and 
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waste pipes, safe-linings, drip-pipes, etc. 
Such tight, unventilated spaces with dark 
corners must necessarily accumulate dirt, 
and become damp from leaky fixtures, and 
nasty in general. With first-class plumb- 
ing work it is unobjectionable to have 
lead pipes and traps in sight ; leakage is 
easily detected and cleanliness of servants 
better enforced where there is plenty of 
light and air around a wash-basin.* 

BATH-TUBS. 

Bath-tubs are made of wood, or wood 
lined with galvanized sheet-iron, or lead, 
or with zinc or heavy copper — which may 
be tinned and planished or nickel-plated — 
of cast-iron with porcelain enamel, and of 
stoneware. Any of these may be used, 
the selection depending chiefly upon their 
cost and upon the personal preference of 
house-owners. For private residences 
copper bath-tubs are used more than any 
others, the weight of the copper being from 
16 to 24 oz. per sq. ft. for the best tubs. 

♦See illustrated suggestions for arranging washbasins 
without tight carpentry in the above-quoted book.— W. P. G. 
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Enamelled-iron tubs are also used exten- 
sively, especially in hotels, hospitals, asy- 
lums, etc. The porcelain bath-tubs, al- 
though perfectly non-absorbent, most 
cleanly and attractive in appearance, are 
not in general use, being very expensive, 
heavy, and often clumsy. 

For bathing establishments enamelled 
iron and copper tubs are not to be recom- 
mended, the former losing their enamel 
by continued use, the latter being easily 
knocked out of shape and requiring con- 
stant attention to keep on them a bright 
polish. In such places earthenware 
tubs will answer very well, being easily 
cleaned, and as they are used rapidly in 
succession they do not chill the water 
after the first bath, an objection raised 
sometimes against marble or porcelain 
tubs in private houses. Tubs in bathing 
establishments are often constructed of 
brickwork, lined with slate, or with white 
tiles or marble flags. 

Many devices have been introduced to 
do away with the chain and plug arrange- 
ment of tubs, which device gets unclean 
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from soappuds here as in the case of wash- 
bowls. Such improved bath-wastes are, 
for instance, Weaver's, McFarland's, Fo- 
ley's, H. C. Meyer's, Jennings's, Stidder's, 
Tylor & Sons', and others.* None of 
these is preferable to the " standing over- 
flow," a most simple and cleanly contri- 
vance, consisting of a tube of same bore 
with the bath waste-pipe, with a trumpet- 
shaped mouth at its top, which tube is 
inserted in place of the plug at the bottom 
of the bath-tub. It renders a special over- 
flow-pipe unnecessary. The only objec- 
tion, sometimes made against it, is that it 
may be in the way while bathing, especi- 
ally with short, so-called "French " bath- 
tubs. This can, however, be easily avoided 
by arranging a proper recess at the foot 
end of the tub. 

While it is not my intention to consider 
the supply of hot and cold water to fix- 
tures in general, nor to discuss the rela- 
tive merits of ground-cocks, compression- 
bibbs, and self-closing faucets, I must 
briefly touch, for reasons that will appear 

* Illustrated in the above-quoted book. 
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hereafter, upon the manner of supplying 
water to bath-tubs. 

If the hot and cold water faucets are 
placed near the top of the tub, the hot 
water speedily fills the bath-room with 
steam (although this can be partly over- 
come by using a double bath-cock with 
only one supply-inlet) ; the noise of the 
falling water is also sometimes objected 
to. To avoid this inconvenience the sup- 
ply has been made to enter the bath, hot 
and cold water mixed, through the same 
hole that serves as an outlet for the foul 
water. Thus soapsuds and filth, coating 
the waste-pipe and left there from the 
time the bath was last used, mingle, 
with the clean water. Such a device is 
unsanitary, and must be utterly con* 
demned. 

If it is desirable to avoid the steam or 
noise in filling bath-tubs, the supply-inlet 
may be placed at the foot end of the tub, 
near its bottom. An advantage which 
this arrangement offers is that servants 
cannot 1 draw water into pails or pitchers 
in a bath-tub, a frequent cause of the 
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chipping off of the enamel of iron tubs 
and the bruises made in the sides of cop- 
per tubs. It appears, however, that such 
a location of the supply-inlet below the 
water-line of the bath-tub is in certain 
cases endangering the purity of the water- 
supply. This risk always occurs wher- 
ever the bath-tub is supplied directly from 
the rising main and the pressure of water 
is insufficient to supply at all times the 
upper stories of city houses. The Ameri- 
can Architect of 1882, in calling attention 
to this danger (which danger is well known 
to exist in the case of wateoolosets flushed' 
directly from the service-pipe), says as 
follows : 

" Thousands of fixtures are in daily use 
which are liable to have their supply fail 
altogether on certain days and hours, or 
to have it withdrawn temporarily by the 
opening of a faucet below. All such fix- 
tures are exposed to the worst conse* 
quences of intermittent supply. If any 
person having access to fixtures so placed 
will try the experiment of opening a fau- 
cet at the time of low water the rush af 
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the air sucked back into the pipe will be 
plainly heard, or by placing the finger 
over the mouth of the faucet the inward 
pressure can be felt. Even where the 
head is considerable, an artificial lowering 
may be, and often is, caused by the open- 
ing of faucets in the lower stories, which 
will leave a vacuum in the pipe supplying 
the upper fixtures, and in such cases sub- 
stances near the mouth of the upper fau- 
cets are liable to be sucked through them 
into the supply-pipes. We have known 
the opening of a pantry-cock in a lower 
story to siphon out in this way and dis- 
charge into the pantry-sink the entire 
contents of a bath in a room above, much 
to the amazement of its occupant. The 
bath happened to be fitted with a bottom 
supply." 

This may even happen with a supply 
from a tank in the attic, and the only 
means to prevent the occurrence would 
be to run special lines of hot and cold 
water from boiler and tank respectively 
to the bath inlet, or else to place a check- 
valve in the cold-water supply to the 
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bath, which remedy, however, cannot be 
relied upon to work for ever. 

There are many varieties of tubs used 
for personal cleanliness, such as foot- 
tubs, hip-baths, bidets, shower-baths, etc. 
They need no further explanation, as the 
principles for the sanitary construction of 
bath-tubs apply equally well to them. 

Bath-tubs of wood, lined with metal, 
necessarily require some exterior finishing 
woodwork, which also serves to hide from 
view the supply-pipes, the overflow, trap 
and waste-pipe. 

In Europe metal bath-tubs are made 
sufficiently heavy to stand without a cas-* 
ing. This method of fitting up bath-tubs 
has much to recommend it from a sani- 
tary point of view ; such bath-tubs stand 
free on the floor, perfectly accessible and 
with all pipes in sight, which seems en- 
tirely unobjectionable. Iron porcelain- 
lined bath-tubs are sometimes left without 
woodwork in our hospitals and asylums, 
and glazed stoneware tubs are fitted up in 
handsome residences in the same manner, 
both giving complete satisfaction. 
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LAUNDRY-TUBS. 

Laundry- tubs are made of various ma- 
terials, such as wood, wood lined with 
sheet-lead, enamelled or galvanized cast- 
iron, cement-stone, slate, soap-stone, or 
earthenware. Wooden tubs are objection- 
able, as this material readily absorbs the 
dirty water and becomes foul, emitting a 
close odor when not in use. Being alter- 
nately wet and dry, they are liable to 
leak, and will quickly rot. Cement-stone 
laundry- tubs are cheap, durable, and clean- 
ly. They have no seams, each tub being 
manufactured in one piece, and therefore 
will not leak. Galvanized or enamelled 
iron and soap-stone trays are equally good 
and much in use. The white crockery or 
"ceramic"- tubs are undoubtedly tho 
neatest, and are always perfectly clean 
and sweet. They are not subject to wear 
or leakage, nor do they absorb dirty water, 
and therefore do not become foul from 
use. They are, of course, more expensive 
than any of the others. Woodwork about 
wash-tubs should be dispensed with as 
much as possible, and the tubs treated in 



144 



this respect as suggested in general for 
plumbing fixtures. 

KITCHEN AND PANTRY SINKS, LAUNDRY 
AND HOUSEMAIDS* SINKS. 

Sinks are made of wood, of wood lined 
with lead or with copper, of cast iron — 
which may be painted, galvanized, or 
enamelled — of wrought-steel, of copper, 
soap-stone, slate, or earthenware. 

Eor pantry-sinks tinned and planished 
copper is generally used, being preferable 
to porcelain or .soap-stone sinks, as glass 
and crockery are not as liable to breakage 
in them. 

For kitchen and laundry sinks soap-stone 
or iron is much used. Galvanizing or 
enamelling the iron much improves the 
appearance of the sinks ; but even these 
protective coatings wear off in time, and 
then the iron rusts rapidly. 

Possibly the protective coating of the 
black magnetic oxide of iron, offered by 
subjecting the iron or steel to the Bower- 
Barff " rustless " process, may effectively 
protect the surface of iron sinks against 
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rust. Of late earthenware sinks have 
been manufactured up to large sizes, and 
are undoubtedly the cleanest and neatest 
of all kinds. 

Housemaids' sinks, used only to draw 
water, may be of small size and look most 
cleanly when manufactured in earthen- 
ware, although other materials are often 
employed. 

Sinks should be provided with strong 
metallic strainers, either open or plug 
strainers. In both cases the strainer 
should be securely fastened to the sink, 
so as not to be removable by servants, in 
order to prevent obstructions of the 
waste-pipe and trap. With plug strain- 
ers it is important that the sink should 
have an overflow pipe of sufficient capaci- 
ty to carry off the full supply, in case 
the supply-cock should be. accidentally 
left open. 

In most houses kitchen-sinks are en- 
cased in tight woodwork, and conse- 
quently a close, damp, and foul smell is 
often noticeable in the compartment un- 
der a sink. This method of fitting up 
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sinks is decidedly objectionable, and the 
common practice of using such un venti- 
lated, closed spaces under a kitchen-sink 
for the storage of kitchen utensils, or, what 
is worse, cleaning-rags, etc., should be 
strongly condemned. The space under- 
neath a kitchen-sink should be free to 
light and ventilation, and readily accessi- 
ble for frequent cleansing. The sink may 
be supported by brackets, properly fasten 
ed to the walls, or it may rest on lege 
The floor under the sink and the rear wall 
may be finished with white Minton tiles, 
which makes a neat and most cleanly ar- 
rangement. . 

The remaiks just made as to the de- 
sirability _of keeping the spaces under 
sinks entirely Open apply also to pantry- 
sinks and housemaids' sinks. 

GREASE-TRAPS. 

Through kitchen and. pantry-sinks a 
large amount of grease, derived from 
washing dishes,; etc., is emptied into the 
drainage .system. This. grease proves to 
be of all the waste matters in the house 
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the most difficult to deal with. Being 
dissolved by hot water, it passes the strain- 
er of the sink in a fluid condition, but 
soon becomes chilled, adheres to the sides- 
of the waste-pipes or drains, lodges in 
traps, and becomes putrid and offensive. 

If the drain inside and outside of the 
house has a very good pitch, the grease 
will probably be carried far away from 
the house before becoming solid. This is 
more likely to happen where sinks have 
plugged outlets, as the rush of the water 
carries the grease very far. The ammonia 
of urine will remove grease, and thus 
pipes, receiving above the point where the 
waste from the kitchen or pantry sink 
enters the cellar-drain a water-closet or 
urinal discharge are often found to be 
comparatively free from grease. 

But in large houses, or hotels, etc., the 
grease should not be allowed to enter the 
house-drain at all ; it should be inter- 
cepted by a proper grease-trap, placed as 
near to the sink as the locality may per- 
mit. 

In a recent paper, read at the meeting of 
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the Sanitary Institute of Great Britain at 
Newcastle-upon-Tyne, Mr. W. Eassie, the 
well-known English engineer, spoke about 
grease- traps as follows : " Though it must 
be conceded that fatty matter will con- 
geal and rise to the top of water, and 
sometimes reach the sewer, yet it must 
also be admitted that it will not always 
reacli the outfall even with reasonably 
ample full of the drain, and that it has a 
tendency to adhere to the insides of the 
trap when cool, and to the sides of the 
drain, in some instances stopping them 
up. Many suppose that there is no ne- 
cessity for any special treatment of the 
grease which is sent into the house-drain 
from the scullery or kitchen sink, and 
this is made a hard-and-fast rule. This 
might be taken as correct were the house 
to be treated a cottage or small villa, with 
but a few inmates, say eight or ten in 
number, because the quantity of produced 
fats in cookery and washed-off grease from 
pans and plates would be inconsiderable, 
and a liberty might be taken in supposing 
that the bulk of the grease would reach 
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the sewer, and that it would ride safely 
in globules to the sewer on the surface of 
the flushing-water. But the case is va- 
ried and a new issue joined when the 
house to be dealt with might, by courtesy, 
be termed a mansion, and when some ten 
or a dozen of the family, and a retinue of 
servants — steward, butler and under-but- 
ler, housekeeper, footman, cook, scullery- 
maids, still-room maid, house-maids, and 
odd men — are all in residence. The grease 
introduced into the drain under these con- 
ditions is, to say the least, enormous, and 
its passage into the house-drain is facili- 
tated by a plethora of hot water, and by 
careless or thoughtless scullery-maids 
who will not take the trouble to scrape off 
any superlying grease from the interior of 
the pans before cleansing them for next 
usage. 

" Given a six-inch, well-laid drain-pipe, 
with a clear out-go inside, free from ob- 
structions due to unequal collaring, and 
even smooth as salt glaze or glass glaze 
will make it, is it to be supposed that be- 
cause such a drain will work well in a 
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small house that it is certain to do 90 with 
a residence of. any. size— a. Jijotel, qx club, 
and the like ? I venture to think not, 
and the difficulty is in no way obviated by 
enlarging the size of the drain ; indeed, 
it is then very often increased, because 
there is more surface for the grease to 
cling to when the wetted perimeter of the 
pipe is enhanced during a sudden flushing 
of the drain, intentionally or during a 
storm. . . . 

" If, in all cases, the scullery-sink were 
near to the outfall into the sewer, for 
instance, close to the front area, and a 
properly built disconnection chamber, 
one might perhaps venture, even in a 
large establishment, to rely upon the fat- 
laden water being driven to the sewer. . 
But, unfortunately, in the bulk of houses, 
and in large mansions especially, the scul- 
lery-sink is situated at the far end of the 
premises, sometimes a hundred feet or 
more away from the flap in the sewer. 
And if it be a risk to take when the house 
is a small one, the. family few, and the 
drain a short one with a splendid fall,. 
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that every particle of grease shall reach 
the sewer, what shall be said when the 
drain is a very long one, the gradient bad 
and cannot be improved, and the residence 
at a palatial figure ? Surely here some 
provision must be made for grease inter- 
ception, plus the sand factor." 

The grease- trap may be placed either 
within the house, in the basement or 
directly underneath the sink, or else out- 
side the house. The latter arrangement 
is much the best, provided the distance 
from the kitchen sink to the grease inter- 
ceptor is not too great, otherwise the 
grease would congeal on its way to the 
interceptor. A circular tank made of 
bricks, laid in hydraulic cement, should 
be constructed of dimensions depending 
somewhat upon the size of the house. It 
should be large enough to allow the water 
time to cool. Its overflow-pipe consists 
of a quarter bend, or better, of a T branch, 
dipping at least six inches below the water- 
line, in order not to disturb the grease in 
the intercepting tank. Tfiis grease-trap 
should be frequently cleaned and inspected. 
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The grease, floating on top of the water, 
can easily be removed. Efficient ventila- 
tion by a large vent-pipe should be pro- 
vided. Wastes from kitchen and pantry 
sinks only should discharge into the 
grease-trap. 

If inside of the house and in the base- 
ment, the grease-trap may be made of 
earthenware, of wood lined with heavy 
lead, or of copper. But such a grease- 
trap in the basement cannot be recom- 
mended. 

If directly under the sink it may be 
made of enamelled or galvanized iron, of 
copper or of crockery ware. A number 
of patented sinks have an iron receptacle 
for grease immediately below and attached 
to them. It is doubtful whether these 
tanks under sinks can be made of suffi- 
cient size, without becoming clumsy, to 
allow the grease to cool and congeal. 
Unless properly attended to — and the 
kitchen-sink is liable not to be kept per- 
fectly clean by the servants — grease-traps 
inside of a house constitute, in my opin- 
ion, cesspools on a small scale, holding 
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fatty waste matters which readily become 
putrid and offensive. If there is no con- 
venient place for an outside grease-trap, 
better use none at all and trust to the 
action of the alkalies to " cut" the grease 
in the pipes. A valuable cleansing agent 
for pipes, where the use of a grease-trap 
is omitted, may be found in occasional 
flushing with hot solutions of common 
washing-soda, or, better, of potash. 

SLOP-SINKS AND SLOP-HOPPERS. 

We have hitherto considered only those 
fixtures which receive foul water unmixed 
with discharges from the human system. 
Slop-sinks and slop-hoppers, as well as 
water-closets and urinals, intended to con- 
vey to the drain these foul discharges, 
are more liable to become filthy outside 
and inside, unless carefully kept and 
used. 

Slop-hoppers are provided on bedroom 
floors to enable servants to empty cham- 
ber slops into them. They must be 
flushed, after each use, by a sufficient 
quantity of clean water from a cistern, 
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or else at frequent intervals by automatic 
flush-tanks, to expel the foul water from 
the trap and to wash the inner sides of 
the hopper-bowl or sink. Considering 
the character of the foul water poured 
into such vessels, an efficient flush is fully 
as necessary for them as it is for water- 
closets or urinals. 

Slop-sinks are made either of enamelled 
cast-iron or of earthenware. Their out- 
let should always be provided with a fixed 
strainer to prevent any obstruction of the 
trap or the soil-pipe by carelessly-intro- 
duced articles, such as scrubbing-brushes, 
etc. 

Instead of a deep sink a combination of 
a sink and a hopper, such as Merry's slop- 
hopper sink, is sometimes used, and, if 
provided with a strainer, it will answer 
very well. 

An earthen bowl, with improved flush- 
ing-rim, placed on top of an iron or lead 
hopper, will make a cleanly device. The 
neatest arrangement is a slop-sink, made 
in one piece of earthenware, enlarged at 
the top to a square sink, and provided 
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with a flushing-rim and liberal supply of 
7 flot and cold water. 

Slop sinks and hoppers should be treated 
in their external finish similar to kitchen- 
sinks and water-closets. Air and light 
should find easy access to them; there 
should be no tight woodwork around the 
apparatus with the usual amount of dust 
and untidiness. The floor may be of 
white tiles or of cement, and the walls 
may be laid with tiles or with enamelled 
bricks. 

If water-closets without movable parts 
fjhopper and washout closets) are fitted 
ttp without woodwork (except the seat), 
ihey may also serve the purpose of a slop- 
sink, provided the flush is not forgotten 
after emptying slops. The practice of 
using pan, valve or plunger closets, to get 
rid of chamber-slops, is decidedly objec- 
tionable. These closets are necessarily 
encased in woodwork, which becomes im- 
pregnated with the foul water, carelessly 
emptied and often spilled. In the case of 
valve-closets, the overflow-pipe from the 
bowl is befouled, and the same is true 
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of the plunger-chamber and overflow of 
plunger-closets. 

URINALS. 

No fixture is so liable to become un- 
clean and foul smelling as a urinal, owing 
to the rapid decomposition of the urine. 
A small amount of splashed urine is apt 
to become quite offensive. Urinals, 
therefore, require a very liberal amount 
of flushing-warer, running either in a 
constant stream, or else delivered auto- 
matically through flush-tanks at frequent 
intervals. The material for urinals 
should be non-absorbent and non-corro- 
sive. 

Swinging and lipped urinals have been 
much used in modern private residences, 
but I should certainly advise doing away 
with them entirely, as a properly-con- 
structed water-closet may safely take 
their place. 

For offices, however, and public places, 
such as hotels, schools, railroad depots, 
places of amusement, etc., they become a 
necessity, but should be under constant 
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supervision of a conscientious janitor, 
and should receive a thorough cleaning 
with hot water and soap at least once a 
week, and preferably of tener. The venti- 
lation of urinal apartments should also, 
for reasons stated above, receive careful 
attention. 

Three kinds of urinals are in use — viz., 
single-lipped bowls, fastened along a 
wall, or in corners, and generally known 
as " Bedfordshire " urinals ; urinal 
troughs and round urinals. 

Lipped urinal bowls are made in 
earthenware and of enamelled iron ; the 
latter, however, cannot be recommended, 
as the enamel is apt to scale off, leaving 
the iron to corrode quickly. A number 
of porcelain-lipped urinals are frequently 
placed along a wall, with board, slate, or 
marble partitions between them. They 
are sometimes flushed by a stop-cock, 
to be turned by hand, but this is a very 
unsatisfactory device. Not only is the 
opening of the stop-cock frequently neg- 
lected, especially in public places, but a 
flush directly from the supply-pipe will, 
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in most cases, be insufficient thoroughly 
to rinse the sides of the urinal. If lo 
cated in upper stories, the pressure is at 
times insufficient to fill the pipes, and air, 
possibly tainted and filled with disease- 
breeding germs, may be sucked into the 
supply-pipes on opening the stop-cock. 

A much better flush can be obtained 
by supplying flushing-water to the urinal 
from a special cistern, worked by chain 
and handle. For public places, how- 
ever, where urinals are so largely used, I 
consider an automatic flushing arrange- 
ment as being much superior. This may 
be accomplished by operating the flushing 
cistern from the door leading to the 
urinal; or else a treadle-action flushing 
apparatus may be used. Both arrange- 
ments are liable to get out of order, and 
preferable to either are siphon-tanks, such 
as Field's annular siphon-tank, Guinier's 
siphon-tank, Hyde's flush-tank, Rhodes' 
flushing cistern, Doulton's automatic flush- 
ing-tank, Jennings's flushing- jar, Bold- 
ing's self-acting urinal cistern, or tilting 
tanks, such as McFarland's and others- 
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Modified forms of the Bedfordshire 
urinal have recently been manufactured 
both in England and in this country, 
which seem to possess many advantages 
over the common forms, the bowls being 
shaped so as to hold water (similar to 
a wash-out closet) to a certain depth. 
Such improved urinals are, for instance, 
Stidder's urinal, Tylor & Son's flushout 
urinal, the Armstrong urinal, and others. 
In such bowls the urine is immediately 
diluted with water, and consequently it is 
much easier to keep the bowl clean by 
frequent automatic flushing. 

Urinal troughs are made of wood lined 
with lead, or of galvanized or enamelled 
cast-iron, or else of slate or stone. 

Round urinals are adapted to out-of- 
door location, in parks, etc.; they have a 
large circular bowl, holding a body of 
water, with a number of projecting lips 
around its circumference, separated by 
suitable slate partitions. A constant 
stream of water should trickle into trough 
or round urinals, in order frequently to 
change the water in the bowl, and to se- 
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cure an immediate and thorough dilution 
of the urine. 

A modification of the trough urinal is 
sometimes constructed as follows : The 
back wall of the urinal apartment is suit- 
ably prepared so as to be impervious and 
non-absorbing. No material is better 
than slate or glass for this, purpose. A 
horizontal supply-pipe of copper or brass 
is fastened to the wall about five feet 
from the floor, running from one end of 
the trough to the other. It is provided 
with a large number of openings, or some- 
times with a water-spreader, from which 
the water is constantly trickling down the 
walls. The floor should be made equally 
impervious, and should have a gutter 
with sufficient fall to carry off the water 
mixed with urine. The whole floor 
should be constructed sloping toward this 
gutter. Suitable stands or gratings are 
sometimes provided at the stalls, which are 
separated by marble or slate partitions. 
The outlet in the gutter must be provided 
with a strainer to prevent obstructions 
of the trapped waste-pipe attached to it. 
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A gutter-urinal, constructed under di- 
rection of Mr. Edw. S. Philbrick, C.E., 
at one of the buildings of the Massachu- 
setts Institute of Technology in Boston, 
seems to deserve special mention. The 
aim was to present vertical surfaces cov- 
ered by flowing water, without, however, 
increasing the waste which a constant flow 
would produce. Over each urinal-stall is 
placed a tank operated by treadle-action. 
A spriakling-pipe, perforated with holes, 
is extended across the back- slab, 4 feet 
above the floor, and is connected with the 
cistern by a small pipe. As soon as the 
urinal is used the tank-valve is opened 
by treadle- action, and immediately water 
flows over the whole surface of the slab 
below the level of the sprinkling-pipe. 
If the person leaves the flow of water 
stops at once. The whole of the rear 
wall and the gutter or trough at the foot 
of each stall are made of soap-stone. Slabs 
of slate would have been preferable; but 
best of all for such rear walls of gutter- 
urinals is undoubtedly thick glass. 
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. WATER CLOSETS IN GENERAL. 

The most important and useful plumb- 
ing fixture in a house is the water closet. 

Water-closets should be in all houses 
that make any pretensions towards con- 
venience. That they are a vast improve- 
ment over the old-fashioned, offensive 
privy- vault in the back-yard everybody 
will acknowledge. But it is equally true 
that, unless of a good pattern, properly 
fitted up, properly used, carefully watch- 
ed, and frequently cleansed, they may be- 
come not only the sources of foul smell, 
but also the cause of disease. 

Leaving aside the question of the pol- 
lution of the soil and of well-waters, of 
which the privy- vault must sooner or 
later be the cause, it is in itself a nuisance 
and an abomination. In cold weather 
and during rain-storms persons are liable 
not to use it when they ought to, and 
trouble of the digestive organs is sure to 
follow, as every physician knows. This is 
especially the case with females and with 
delicate children. Sick persons and in- 
valids may suffer severely from exposure 
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to the weather. Add to this the often 
unbearable stench emanating in hot weath- 
er from such vaults, and it will be read- 
ily seen how superior in point of conve- 
nience, health, and cleanliness a well-kept 
indoor water-closet is. 

There are other improved devices for 
receiving faecal matters, such as earth- 
closets, ash-closets, tubs, or pails, which 
are far preferable to privies, and should 
bo recommended wherever water is scarce; 
but these do not properly belong to my 
subject, which refers only to the "water- 
carriage " system. 

There is an endless list of water-closets, 
and each year increases the number of 
newly invented and patented articles. It 
is, of course, impossible, nor is it even 
desirable, that this book should give a 
complete description of all of them. I 
shall limit myself to describing the chief 
features of the various types of closets, 
without mentioning examples of each type. 

After reviewing the different types of 
water-closets in use, we shall speak of 
the general arrangement of the water- 
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closet apartment with respect to light 
and air. 

The essential points to be considered in 
examining water-closets are : the material 
and shape of the bowl or vessel receiving 
f meal matter ; the apparatus for discharg- 
ing the contents of the bowl; the manner 
of trapping the water- closet ; the manner 
of flushing the bowl and the trap, and the 
ventilation of the water-closet. 

The best material for water-clo3ets would 
be glass, and it is to be hoped that the 
manufacture of annealed glass may be 
soon improved sufficiently so as to allow 
of making glass water-closets as well as 
other glass plumbing fixtures. 

However, good earthenware or glazed 
stoueware answers well enough the pur- 
pose. Iron closet-bowls should be en- 
amelled or porcelain-lined, to prevent 
roughness from rusting. Iron bowls lined 
with glass are used with some kinds of 
closets. 

The smoother the surface of a closet- 
bowl, and the less surface a water-closet 
has exposed to fouling, the cleaner and 
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better will it be. All foul discharge! 
should pass into water as quickly as pos- 
sible. Thus the fouling of the sidei 
of the vessel will be efficiently prevented 
and the water will have a tendency to deo- 
dorize the excrements. All water-closets 
holding a large body of water in the bowl 
(valve and plunger closets, washout-clos* 
ets, and latrines) have this advantage. In 
other closets, where the body of water is 
in the trap (hoppers), this latter should 
be as near as possible to the bowl (short 
hoppers are preferable on this account), 
and the rear side of the vessel should be 
designed nearly vertical and straight, to 
prevent foul matter from soiling the bowl 
before passing into water. 

A further requirement is durability 
and simplicity of the working apparatus. 
The less moving parts a water-closet has 
the better will it be. We must bear in 
mind the rough usage to which such 
fixtures are sometimes subjected, espe- 
cially in public places. Complicated or 
delicate mechanisms frequently get out 
of order or fail to work properly under 
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children's or servants' hands. Nobody 
can deny that, so far as this point is con- 
cerned, hopper and washout closets are 
vastly superior to pan, valve, and plunger 
closets. 

Each water-closet should be separated 
from the drain or soil pipe by an efficient 
trap, placed either above or below the 
floor, and protected, whenever necessary, 
against siphouage. I consider one good 
trap as entirely sufficient, and do not 
have much faith in the additional water- 
seal afforded by the water in the pan of a 
pan-closet, or the water in the bowl of a 
valve or plunger closet. The copper pan 
quickly corrodes through the action of 
sewer-air in tbe container, and the flap- 
valve gets leaky in time, while with plung- 
er-closets flushed from a cistern the bowl 
may lose its water if the outlet is im- 
perfectly closed, as may happen when 
paper remains clinging to the seat of 
the plunger. Waihout-closets are some- 
times provided with a double trap, which 
is an obstacle to a proper flushing, and 
which may accumulate filth in the hidden 
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and usually unventilated space between 
both traps. I consider a double trap as 
unnecessary here as on the main house- 
drain. Washout-closets, the basin of which 
18 shaped so us to form an efficient trap, 
and short-hopper closets with trap above 
the floor, should not have a second trap 
(of either iron or lead) underneath. 

The contents of a water-closet trap 
should be thoroughly changed at each use 
of the closet, which can be accomplished 
by an efficient and liberal flush. This 
leads us to consider the supply of water 
to such apparatus. 

FLUSHING OF WATER-CLOSETS. 

A water-closet should have a copious 
ttupply of water completely to wash at 
each uge the bowl and trap as well as 
all surfaces coming in contact with foul 
matter. I do not, however, wish to be 
understood as favoring reckless waste, for 
it is well known that allowing the water 
to run continuously through a water- 
closet cannot be. regarded as flushing. 
Two or three gallons properly applied at 
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each use will cleanse a water-closet more 
thoroughly than an uninterrupted, trick- 
ling flow of water. In order to be effi- 
cient tie flushing-water should come down 
" in a sudden dash." To make the flush 
effective the supply-pipe from the cistern 
to the bowl should be of large diameter, 
never less than 1 inch, and increasing up 
to 1 i inches as the head (or height of bot- 
tom of cistern over the bowl) diminishes. 
The force of the flush largely depends 
upon the shape of the bowl and upon the 
head of water available in each case. 
With closet-bowls circular in shape a 
flush introduced in the direction of the 
tangent will whirl around its circum- 
ference, loosing its force without effecting 
much cleansing. An oval bowl provided 
with a fan- flush is a vast improvement. 
Square or " French " bowls with flushing- 
rim are used occasionally. The best bowls 
are those provided around the upper edge 
with a proper "flushing-rim," into which 
the water from the supply-pipe enters sim- 
ultaneously at all sides, and is directed so 
as to rush vertically downward, thorough- 
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ly washing the sides of the closet, and re- 
taining sufficient force to expel the foul 
contents of the water-closet trap. 

To flush a water-closet from the main 
supply-pipe of the house is decidedly ob- 
jectionable, especially with closets located 
in upper stories of city houses. If water 
is drawn from a faucet in the basement 
the pressure is often reduced so much as 
to create a slight vacuum in the upper part 
of the pipe. If the valve of a water- 
closet happens to be opened at such times, 
air, if not foul matter, rushes into the 
pipe from the bowl ; thus the purity of 
the drinking-water is endangered, while 
the closet remains without a flush. This 
risk can be partially avoided by the use of 
a check- valve on the supply-pipe to the 
closet- valve. Such check- valves, however, 
are not always reliable, and often fail to 
shut properly. 

Water-closets should be flushed from 
flushing-tanks, never directly from the 
main supply-pipe. Cisterns intended for 
storage of water to be drawn for drinking 
and cooking purposes should not be used 
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for flushing water-closets. In all cases 
the use of a special cistern for each closet 
or for a group of closets is recommended. 
Such water-closet cisterns are manufac- 
tured in great variety by all water-closet 
makers. 

They are supplied with water either 
from the rising main or the large tank in 
the attic, by ball-cocks, made sufficiently 
strong to withstand the maximum pres- 
sure of water. In their simplest form cis- 
terns have only one compartment, with a 
pipe attached to their bottom, leading to 
the closet, and with a valve at the outlet 
of the cistern, operated by a chain and 
lever. An overflow-pipe is provided to 
prevent accidents through leakage of the 
ball-cock. Such tanks are only adapted 
to hopper-closets, and should not be used 
where water is scarce, as with them a 
large waste is likely to occur. 

Closets holding water in the bowl 
(pan, valve, plunger, and washout closets) 
require an " after-flush " to refill the 
bowl, and the cisterns should be provided 
for such purpose with a service-box, 
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holding a certain quantity of water. The 
outlet from the cistern to the service-box 
must be closed by a large-sized valve, in 
order to secure a quick filling of the ser- 
vice-box. 

Cisterns arranged with a view of pre- 
venting the waste of water are desirable 
wherever the water-supply is apt to be- 
come scanty during the hottest and cold- 
est months of the year. They have, in 
this case, three compartments — a large 
tank, supplied by a ball-cock ; a measur- 
ing-cistern, holding the quantity of water 
fixed for each flush, and a service-box for 
the after-flush. 

Water-waste preventers for hoppers, 
however, require only two compartments, 
the receiving-tank and the measuring-cis- 
tern. 

Water-closet cisterns are operated 
either by the common pull-up arrange- 
ment, a handle being connected to one 
end of a lever, the fulcrum of which is 
firmly secured to the floor, while the 
other end of the lever is connected by a 
brass safety- chain to the lever operating 
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the cistern-valve. Such an arrangement 
is common for pan, valve, and plunger 
closets. Or else the lever and valve in 
the cistern are operated directly hy pull- 
ing down a chain with tassel or ehony 
handle, which arrangement seems hest 
adapted to hoppers and washout closets 
(and slop-sinks). 

An automatic " seat arrangement " — in 
other words, the operating of the cistern 
by a depression of the seat through the 
weight of the person — seems most suitable 
for public places, schools, factories, etc., 
where people using the closet are apt to 
forget to attend to the flushing. With 
the seat arrangement cisterns with double 
compartments and double valves must be 
used. A service-box is attached to the 
cistern for closets requiring an after-flush. 
The depression of the water-closet seat 
opens the valve from the cistern to the 
measuring-box, which latter quickly fills ; 
relieving the seat of its weight causes the 
valve to close, and the outlet of the mea- 
suring-box to be opened, allowing the con- 
tents of the latter to rush into the water- 
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closet bowl. As the valve closing the 
outlet of the measuring-box is of large 
size (generally 4 inches), the water rushes 
into the service-box quicker than it passes 
out through the 1£ or 1£ inch supply- 
pipe, thus securing to the bowl the after- 
wash. 

A different automatic flushing arrange- 
ment, operated from the seat, is the fol- 
lowing : A closed iron tank, able to with- 
stand heavy inside pressure, is placed at 
the usual height above the closet. It is 
supplied directly from the supply-pipes 
through a valve, which, ordinarily, is kept 
closed by a weighted lever. If a pressure 
is brought on to the seat, a rod, connect- 
ing the seat and the lever, opens the valve, 
and water flows into the vessel, compress- 
ing the air contained in the vessel. Re- 
lieving the seat of its pressure causes the 
direct supply-valve to close, while it opens 
a valve leading from the tank to the 
closet- bowl. The water rushes down with 
considerable force, effectually washing 
t>owl and trap of the closet. 

The annoyance frequently caused by 
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the leakage of cistern-valves has led to 
the invention of other forms of water- 
closet cisterns. 

A flushing-cistern, lately introduced 
into this country, is very simple and 
efficient in its action. It contains an 
annular siphon, very much like Bogers 
Field's siphon. The inner limb (usually 
of cast-iron) is firmly fastened in the ceu- 
tre of the cistern, passing through its 
bottom, where it is connected with the 
supply-pipe to the closet-bowl. The outer 
limb, made of copper, with a dome head, 
allows of a vertical movement around the 
inner limb, this movement being effected 
by a lever, working in a slot, one end of 
which is attached to the outer limb of 
siphon, while the other carries at its end 
a counterweight. A chain is attached at 
that extreme end of the lever holding the 
siphon, and the cistern is operated by a 
handle attached to the chain. By sud- 
denly pulling downward the copper limb 
of the siphon water is forced over the top 
of the inner limb and the siphon started 
at once. The outer limb is held down by 
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the suction until all water is discharged,, 
when the counterweight brings the siphon 
into its original position. The tank is 
supplied with water by a ball-cock, rising 
with the water ; the inner limb serves as 
overflow-pipe and renders a special pipe 
for that purpose unnecessary. 

Another water-waste-preventmg cistern 
is provided with a common siphon - 
pipe, the longer limb of which passes 
through the bottom of cistern and 
leads to the water-closet bowl. Near the 
bottom of the cistern a branch pipe leads 
into the longer limb, reaching to within a 
few inches from the level of the water in 
the cistern, where it is closed by a valve. 
This valve is attached to one end of a 
lever, the other end of which is operated 
by a chain with handle attached. To 
flush the closet the chain is pulled, open- 
ing the valve, and thus water flows 
through the connection-pipe into the 
longer limb of siphon, causing a partial 
vacuum, which starts its action. The 
siphon continues to discharge until the 
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contents of the cistern are withdrawn, 
when it completely breaks. The cisterns 
described do not give (in their usual 
shape) an after-flush, and are consequently 
only suitable for hopper-closets, slop-sinks, 

or urinals. 

Among automatic arrangements for 
flushing water-closets I mention flush- 
tanks working on the principle of the 
siphon, or tanks working by gravity, 
prominent among the latter being McFar- 
land's tilting-tank. They are useful in 
railroad depots, schools, large factories, 
places of amusement, and in exposed 
localities where standing water would be 
apt to freeze. Such tanks collect a con- 
tinuous driblet from the supply-cock 
until filled, their capacity being propor- 
tioned to the number of closets, and then 
discharge the full contents at once into 
the bowl (see chapter on flushing ap- 
pliances). 

The question of ventilation of water- 
closets will be referred to later in speak- 
ing of the general arrangement of water- 
closet apartments. 
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A properly trapped water-closet, pro- 
vided with a good flush from a special 
cistern, with a flushing-rim howl of im- 
proved shape, located in a well-ventilated 
apartment, judiciously used and well 
taken care of, should be inoffensive to 
sight or smell. 

TYPES OP WATER-CLOSETS. 

Bearing in mind the general principles 
just stated, we will now examine the va- 
rious types of water-closets. There are 
six distinct classes, viz. : pan-closets, valve- 
closets, plunger-cloxets, hopper-closets, wash- 
out-closets, and trough-closets {latrines). 

These types are illustrated in Fig. 3 
and Fig. 4. The closets shown, however, 
are not intended to illustrate any manu- 
facturer's special make ; they merely re- 
present the various types of closets. 

A shows the pan-closet, flushed by a 
valve, supplied directly from the rising 
main, its bowl being closed by a pan, held 
in place by the counterweight, the closet 
outlet being trapped by a large D-trap 
under the floor. 
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B is an illustration of a valve-closet 
with cistern-flush, the bowl having- im- 
proved flushing-rim and a special trapped 
overflow-pipe, and being closed by a flap- 
valve held in place by the counterweight ; 
the container is provided with an escape- 
pipe for foul gases, and the S-trap under 
the floor has a vent-pipe attached to pre- 
vent the loss of its water by siphonage. 

C is a plunger-closet with .improved 
flushing-rim bowl, supplied with water 
from a cistern, the outlet of the closet 
being on one side and closed by a plunger 
working in a chamber, and to be operated 
by knob and pull. The trap is above the 
floor, and provided with a hub to attach a 
vent-pipe. 

While these three closets are operated 
hy more or less complicated machinery, 
the three following types are free from any 
movable parts : 

D is a long flushing-rim hopper having 
an S-trap under the floor. 

E is a short flushing-rim hopper with S- 
trap above the floor. 

F is a washout-closet, holding water in 
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the basin, which is shaped so as to form a 
trap. 

Fig. 4 shows the general characteristics 
of a trough-closet (latrine). 

In the following pages we will briefly 
discuss the chief features of each type of 
closets. 

PAN-CLOSETS. 

The name "valve" closet given to 
many closets of this type is an improper 
one, and leads to confounding these closets 
with those of the second type. The name 
is derived from the usual manner of sup- 
plying the flushing- water to the closet by 
joining the supply-pipe to a more or less 
slow-shutting valve, worked by the pull or 
handle of the closet. These valves are 
unreliable, wear out, and leak, especially 
when subjected to varying pressure from 
the street-main. Pan-closets may, how- 
ever, be flushed by a special cistern with 
lever arrangement, and therefore the 
above serious defect is not one characteris- 
tic to this kind of closets. 

The real defects of the pan-closets will 
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be at once apparent by inspection of Fig. 
3A. The excrements are received in a 
bowl closed at the bottom by a copper 
pan, holding a few inches of water and 
forming a seal against the air from the 
container. The contents of the bowl or 
pan are discharged by tilting the pan by 
means of a lever, while a flush is started 
simultaneously. This pan works in an 
iron receiver or "container," upon which 
the bowl is usually fastened with putty. 
The outlet of the receiver is trapped by 
the common S-trap, although it is not un- 
common to find in old houses a D-trap 
under the water-closet, a second "con- 
tainer" of foul matters. The foulest part 
of the pan-closet is the receiver, for the 
solids gradually accumulate on its sides, 
as these receive no washing from the flush. 
The filth soon undergoes decomposition, 
and the resulting gases, having been con- 
fined by the double water-seal of the pan 
and the trap, are expelled into the apart- 
ment at each use of the closet. They also 
frequently find an exit at the hole 
through which the spindle tilting the 
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pan passes. And, finally, the putty-joint 
between bowl and receiver may become un- 
tight and afford means for the passage of 
sewer-air. The flush is, as a rule, insuf- 
ficient to clean the bowl ; it certainly 
loses all its force before reaching the 
container; foulness accumulates here and 
excremental matter lodges in the trap, as 
the flush is not strong enough to drive it 
out through the dip or water-seal. 

Some of the enumerated defects may be 
obviated by enamelling the inside of the 
cast-iron receiver ; by ventilating it by 
an inlet-pipe for fresh air and a vent-pipe; 
by having special flushing arrangements 
for the container ; by using a bowl with 
an improved flushing-rim or a fan-spray, 
the water for the flush being derived from 
a special tank. Bat by all these costly 
improvements the only merit of the pan- 
closet, its cheapness, is annihilated, and a 
better water-closet may as well be used. 
As long as a house is fitted with pan-closet l s % 
of whatever pattern, it may be said not to 
have reached the standard of safety from a 
sanitary point of view. 
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VALVE-CLOSETS, 

The valve-closets (Fig. 3B) are cer- 
tainly a vast improvement upon the pan- 
closet. Instead of being closed by a pan, 
the bottom of the bowl is closed by a flap* 
valve, from which the closet takes its 
name. This valve is tightly held in place 
by a counterweight on a lever, to which 
the pull is attached. By lifting the pull 
the valve, which is hinged, is turned down- 
ward, and allows the contents of the bowl 
to drop into the trap. The container is 
much smaller than in the case of pan- 
closets. It generally has a ventilating- 
pipe to remove foul gases. The bowl 
holds a large quantity of water, into 
which the solids are dropped and instant- 
ly deodorized. It is provided, with some 
of the best closets of this type, with a su- 
perior flushing rim, and is flushed by a 
special cistern. As the flap closes tightly 
against the bottom of the bowl, this must 
be provided with an overflow, which should 
have a trapped connection to the container. 
Unless some water is furnished to this trap 
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at each flush it is liable to lose its seal by- 
evaporation, thus establishing a direct con- 
nection between the container and the at- 
mosphere of the water-closet apartment. 
Such driblet to the trap of the overflow is 
supplied at each flush in the better valve- 
closets. There is some danger of the foul- 
ing of the container. To prevent this 
the better closets have the inside of the 
container enamelled, and as a larger body 
of water rushes from the bowl through 
the container at each discharge, the dan- 
ger is much less than with the pan-closet. 
If such closets are flushed from a valve 
the solids will be driven out of the closet- 
trap only after repeated flushing. Better 
closets of this class have suitably-arranged 
cisterns, which deliver quickly a large 
body of water to bowls with improved 
flushing-rims, and thus the danger from 
foul matter being retained in the trap is 
much reduced. After continued use the 
flap- valve is liable to leak ; excrements or 
paper may stick to it and prevent its tight 
closing, and all water will leak out of the 
bowl. Thus the additional water-seal is 
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lost, and the bowl is more liable to become 
fouled. 

The outlet of some valve-closets is 
placed at the side, not at the bottom, and 
is closed by a vertical flap-valve hinged to 
spindle and lever, and held in place by a 
counterweight. Such valves may be less 
liable to be fouled with solid matters and 
may close more tightly on this account. 
The water rushing out of the bowl in a 
large body will effectually flush the outlet 
of the closet. 

Other valve-closets have sliding-valves 
to close the outlet of the bowl at the side 
or at its bottom. None of these closets, 
however, are used to any great extent. 

Some of the valve-closets do away with 
the trap, and rely for exclusion of sewer- 
air only upon the flap-valve and the water 
in the bowl. In speaking of traps under 
fixtures I have already stated that each 
fixture should have a trap, and I would 
much prefer dispensing with the addition- 
al water-seal in the bowl than with the 
trap underneath the closet. Such trapless 
closets are not safe, for, should the mech- 
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an ism of the flap -valve get out of order, 
the house would be entirely open to the in- 
vasion of sewer-air from the soil-pipes and 
drains. 

PLUNGER-CLOSETS. 

The characteristic detail of all these 
(see Fig. 3C) is the plunger closing the out- 
let of the bowl, which is placed at the side 
of the closet. The foul matters drop into 
a large body of water in the bowl, are there- 
fore partly deodorized and easily removed 
from the bowl. By lifting the plunger 
the contents of the bowl are rapidly dis- 
charged into the soil-pipe, and the rush 
of the water leaving the bowl is so great 
as effectually to drive all matters through 
the dip of the trap. The latter must be 
efficiently protected against siphonage, 
which is more likely to occur with plung- 
er-closets than with the pan, valve, or 
hopper closets. The danger with closets 
of this class lies in the fouling of the 
plunger-chamber. Waste matters and 
paper may stick to the seat of the plunger 
or to its sides; the outlet will then be 
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imperfectly closed, allowing the water to 
leak out of the bowl. Closets having a 
small plunger-chamber are the better ones, 
not only because they will be cleaner, but 
because with large chambers the waste of 
water must necessarily be large. 

.Plunger-closets flushed by a special cis- 
tern require no supply-valve nor float in 
the plunger-chamber, which, therefore, 
may be of smaller dimensions, and hence 
are superior to other closets of this type. 

In some plunger-closets a special spray 
arrangement is intended to wash the sides 
of the plunger and its chaml>er at each 
use of the closet, but, while it may be 
efficient, it tends to complicate the closet. 
The better closets of this class provide 
the top of the bowl with an improved 
flushing-rim, or wash the sides of the 
bowl by an effective fan or water-spread- 
er. In order to provide for an overflow 
the plunger is sometimes made hollow, 
and when trapped it is so arranged that 
the water forming a seal is renewed at 
each flush. Otherwise it is liable to eva- 
porate; aiid this is especially dangerous 
with plunger-closets that are trapless. 
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Trapless plunger-closets are not safe for 
same reasons as stated for trapless valve- 
closets. 

In some closets an independent over- 
flow is arranged. The majority of plunger- 
closets are flushed by a valve worked by 
a float in the plunger-chamber. These 
valves are not always reliable, especially 
under varying pressures, and it is much 
better to flush these closets from a special 
cistern. 

HOPPER-CLOSETS. 

There are many varieties of hoppers, 
made in iron and in earthenware. The 
latter are much preferable, and the for- 
mer should never be used unless well en- 
amelled on the inside. Hoppers are 
either of the "long" type, requiring a 
trap of iron or lead below the floor, or 
else they are so-called "short" hoppers, 
with a trap of iron or earthenware above 
the floor. 

Hoppers (Figs. 3, D and E) are some- 
times liable to become soiled at the sides 
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of the bowl, and for this reason have not 
become favorites with many. The hop- 
per lacks the advantage of the pan, valve, 
and plunger closets, in which the excre- 
ments immediately drop into a more or 
less large body of water, and, thus carried 
in suspension by the water, are easily re- 
moved from the bowl by tilting the pan 
or valve or by lifting the plunger. A 
good practice is to wet the sides of the 
hopper before use ; and where the hopper 
is flushed by a special cistern such a de- 
vice has been arranged to work automati- 
cally ("preliminary wash"). The real* 
part of a hopper should be vertical and 
straight, so that matters will drop imme- 
diately into the water of the trap without 
touching the sides of the hopper. The 
inside of hoppers should be very smooth, 
and for this reason earthenware is much 
preferred to enamelled iron, because the 
enamel scales off gradually. In order to 
have as little surface as possible exposed 
to fouling, the sides of the hopper should 
be short, which may be accomplished by 
having the trap above the floor. The ap- 
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parent greater cleanliness of the pan> 
valve, or plunger closets is simply a delu- 
sion. It is true the hopper will some- 
times have its sides soiled with excre- 
mentitious matter if the supply or the 
manner of flush is inadequate. But the 
defect is in sight ; it shows itself to the 
person using or in care of the closet, and 
it can easily be remedied by proper occa- 
sional application of hot water, soap, and 
a scrubbing-brush. 

Not so with the other closets. The 
dirty matter may be out of sight, but it 
often remains hidden in those parts of 
the closet which are not easily accessible, 
and therefore never cleaned or inspected 
until a leakage occurs, or until some foul 
odor compels the householder to call for 
the plumber. 

The great merit of hoppers lies in their 
simplicity and in the total absence of any 
mechanical parts, which, sooner or later, 
fail to work properly, especially when the 
closet is carelessly used. Much depends, 
with a hopper-closet, upon the manner of 
flush. The practice of turning a stop- 
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cock and thus introducing a feeble stream 
into the hopper, which whirls around its 
inside, is objectionable. Hopper-closets 
should always be provided with flushing- 
cisterns, allowing a bountiful supply to 
rush vertically downward through a large 
supply-pipe and a well-shaped flushing- 
rim. 

A porcelain-seated hopper is a cleanly 
device for hospitals, schools, factories, 
railroad depots, public buildings, etc., 
provided it is well flushed, and only 
where the apartment can be well heated 
in winter, as otherwise, the seat being 
cold, the closet is liable to be improperly 
used. Hoppers with wooden rims for a 
seat attached to the bowl will answer 
better than the above hopper in exposed 
places, the only objection being the possi- 
ble absorption of urine through the wood. 

WASHOUT-CLOSETS, 

I have grouped a number of recently- 
invented water-closets into this last class, 
which I consider, in principle, far supe- 
rior to any of the other closets for the 



191 



following reasons : They are usually made 
in one single piece of earthenware, and are 
entirely free from any movable parts (see 
Fig. 3P). Moreover, the bowl of the 
best closets of this type is shaped in such 
a manner that its outlet or discharging 
limb forms a very efficient water-seal trap, 
thus obviating the necessity of a trap 
under the closet.* All washout-closets 
have their basin so shaped as to contain 
a certain quantity of water; the advan- 
tages of such an arrangement have been 
already stated. A washout-closet is, in 
fact, Only a modified and improved form 
of short or long hopper, and with the 
improved short hoppers the volume of 
water in the basin is generally quite large. 

In England closets of the " washout " 
type are preferred of late to other closets, 
and in this country quite a number of 
such closets have been introduced. • 

Different means are employed with the 
closets of this class to effect a discharge 
of the bowl. In many the downward 
rush of water, directed through proper 

* Such closets are really improved short hoppers. 
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flushing-rims, bo as to concentrate its 
main force at the outlet of the basin, 
drives the contents of the bowl into the 
overflow, and thus into the soil-pipe. In 
others a jet of water is introduced into 
the outlet-pipe and carries all water from 
the bowl, partly by the force of the jet, 
and partly by starting a siphoning action. 
In still others a partial vacuum is created 
by different means in the outlet limb, and 
a true siphonage established. 



LATRINES. 

Latrines and trough water-closets are 
frequently used in public places, schools, 
railroad stations, factories, hospitals, mili- 
tary barracks, etc. Latrines (Pig. 4) 
consist of a series of strong stoneware or 
cast-iron porcelain-lined pans connected 
with each other by a suitable vitrified 
or cast-iron pipe at the bottom of the pan 
or bowl, and forming one piece with it. 
At the end of the last section a discharge- 
valve is placed, being an upright pipe in 
which a plunger works, the latter being 
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hollow bo as to serve also as an overflow. 
As the plunger closes the outlet tightly, 
water is held back in the latrines to the 
height of the overflow in the plunger. 
The plunger or discharge-valve is under 
control of a janitor, who raises this plug 
as often as found necessary to empty and 
clean the latrines. The water then rushes 
out of all the bowls with great force and in 
great quantity, and everything is effectu- 
ally carried out of the plunger-chamber 
and trap underneath. Moreover, each 
bowl is provided with a supply-pipe to 
rinse its sides each time the plug is raised. 
As soon as the plug is dropped the bowls 
and connecting pipes fill with water, and 
are in a few moments again ready for 
use. The bowls are generally formed so 
that no excremental matter can strike 
their sides; everything drops at once into 
water and is partly deodorized. The only 
part which may get foul in time is the 
plunger-chamber — although this is not 
as likely to occur with latrines as with a 
single plunger-closet. 
Trough water-closets are constructed 
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in different manners, generally of brick* 
work with vertical side-walk and round 
bottom, but sometimes of iron or of 
earthenware, holding a large quantity of 
water, with the bottom of trough in- 
clined to the end, where the outlet 
is situated, and with a single or double 
row of seats placed above them. They 
are frequently flushed with success by 
means of automatic siphon or tilting 
tanks. They are somewhat less expensive 
than latrines, and fulfil, in many cases, a 
good purpose. 

A good substitute for latrines and 
trough-closets may be found in a number 
of flushing-rim, all -earthen hoppers with 
wooden rim attached to the bowl as a 
seat, each provided with a trap, and flush- 
ed automatically either by Field's annular 
siphon-tank or McParland's tilting-tank, 
as often as desired, the operation of emp- 
tying and flushing the closet being thus 
made entirely independent of the care- 
lessness or forgetfulness of the persons 
using the closet. 
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GENERAL ARRANGEMENT OF WATER- 
CLOSET APARTMENTS. 

In speaking of plumbing fixtures in gene- 
ral I have decidedly condemned the usual 
manner of encasing fixtures with tight 
woodwork. While this is objectionable 
with all kinds of plumbing apparatus, it 
is decidedly bad practice in the case of 
water-closets. With a tightly boxed-np 
water-closet ventilation is impossible un- 
der the seat; the frequent cleaning of the 
apparatus is neglected, the floor often 
becomes wetted with urine drippings or 
water spilled in carelessly using the closet 
as a receptacle for slops ; the filthy liquid 
soaks into the absorbent floor, which 
constantly remains damp and emits un- 
pleasant odors into the apartment. 

As an abundant supply of water is most 
essential to the interior of the bowl and 
closet, so is plenty of light and air indis- 
pensable to the outside of the closet. A 
water-closet should stand free on the floor, 
readily accessible on all sides. The only 
woodwork necessary is the seat ; this 
should be without a cover, and can be 
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hinged and leaned against the rear or side 
wall when the closet is not in use. Such 
an arrangement looks especially neat 
where the floor is laid in tiles, and where the 
water-closet is entirely of white crockery- 
ware — for instance, a long or short flush- 
ing-rim hopper or an earthenware wash- 
out closet. 

Col. Geo. E. Waring, Jr., thus describes 
such an arrangement : a closet, " made of 
white earthenware, and standing as a white 
vase in a floor of white tiles, the back and 
side walls being similarly tiled, there being 
no mechanism of any kind under the seat, 
is not only most cleanly and attractive in 
appearance, but entirely open to inspection 
and ventilation. The seat for this closet 
is simply a well-finished, hardwood board 
resting on cleats a little higher than the 
top of the vase, and hinged so that it may 
be conveniently turned up, exposing the 
closet for thorough cleansing, or for use 
as a urinal or slop-hopper. Such closets 
ought entirely to do away with the use 
of urinals in private houses, and if, for 
convenience or to prevent the possibility 
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of baths being improperly used, separate 
slop-sinks are desired, these should be 
constructed like the hopper-closet, the 
outlet being protected with a movable 
basket of wire-cloth made for the pur- 
pose." 

The arrangement suggested adds, of 
course, to the expense of a water-closet, 
but where white Minton tiles should prove 
too costly a plain cement floor, or slabs 
of slate, or else enamelled tin may be 
substituted for them. A tight, hard- 
wood floor is well suitable, and may be 
covered, if desired, with oil-cloth. 

Wherever woodwork is used for the 
sake of better appearance of closets hav- 
ing mechanical parts (plunger-closets, 
valve- closets), at least the riser should be 
arranged with lattice- work or a great 
number of perforated liQles to provide 
ventilation under the seat. 

It is desirable to locate water-closets 
near an outer wall, in order to give the 
apartment ample light, and a window 
opening on the exterior of the house for 
ventilation. Where such an arrangement 
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cannot be secured — and it is seldom pos- 
sible to do so in American city dwellings 
— the apartment should have borrowed 
light, and special means for its ventilation 
should be provided. A dark, unventilat- 
ed, u arrow space for a water closet open- 
ing into a dressing-room, or situated off a 
staircase-landing, or even close to sitting- 
rooms, is an abomination. In England 
water-closets are "constructed inside a 
house with an intermediate vestibule, with 
a cross-current of air, so as to cut off the 
air in the house from that in the closet." 
The rigor of the climate in our Northern 
States forbids such an arrangement, but 
in moderate climates it is quite practi- 
cable to locate water-closet and slop-sink 
apartments in a tower connected to the 
main building by a passage or hall, 
which, however, is separated from it by 
double doors, the hall being efficiently 
ventilated by two windows on opposite 
sides. If located in the centre of the house 
such apartments need sometimes artificial 
lighting by gas, in which case the heat of 
the gas-flame can be utilized to create a 



199 

constant draught, and thus to ventilate the 
closet apartment by means of tin or gal- 
vanized-iron pipes extended — independ- 
ently for each apartment — through the 
roof. Fresh air should, in such a case, be 
supplied to the room either by blinds in 
the door or else by keeping the bottom of 
the door about six inches above the floor 
level. 

Sometimes, in order to remove noxious 
gases generated in using the closet, a spe- 
cial vent-pipe is attached to the closet- 
bowl, leading into a constantly-heated 
flue, used for this purpose only ; or else 
an upward draught is created in the vent- 
pipe by connecting it with a chamber, 
in which a gas-jet is burning, and the out- 
let-pipe of which enters the flue or ex- 
tends up to the roof. 

Sometimes the local ventilation is ap- 
plied directly under the seat by using an 
annular flat zinc tube, provided, with a 
number of openings at the inner edge, 
and connected to a special flue. 

It would be a serious mistake to run 
such vent-pipes into a kitchen flue, and 
far more so to run them into any other 
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chimney of a building. There is at times 
a downward draught in these — even in the 
kitchen flue, the fire of which may go out 
over-night — and thus offensive gases from 
the closet would be carried into the house. 
Another reason against such a course is 
that small vent-pipes would soon become 
obstructed by soot. The best course, where 
a special flue has not been arranged, is to 
run the vent-pipes along some heated flue 
up to the roof, and terminate their ends at 
a point where they are well exposed to the 
currents of air. These remarks apply also 
to the vent-pipes of containers of pan or 
valve-closets. 

It would almost seem superfluous to 
state that vent-pipes from closet-bowls 
should never enter a soil or waste pipe, or 
a vent-pipe from traps. But such cases are 
not rare, and instances of such perni- 
cious practice — which should be considered 
either as criminal carelessness or else as 
utter stupidity and inability of the me- 
chanic — are frequently discovered in mak- 
ing sanitary inspections of plumbing work. 

While speaking of the proposed use of 
kitchen flues for vent-pipes of closet-bowls 
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or containers, I might mention the fact 
that it has repeatedly been proposed to 
utilize the heat of the kitchen chimney 
for the ventilation of soil-pipes by run* 
ning these from above the highest fixtures 
into such heated flue. Such practice is not 
permissible under any circumstances what- 
ever, for there are at times down-draughts, 
which would force soil-pipe air into the 
house* Besides this, it is well known 
that bricks absorb gases, and would thus in 
time become impregnated with sewer-air. 
For public places, such as railroad de» 
pots, schools, colleges, hotels, etc., where 
water-closets are likely to be used in rapid 
succession at certain times of the day, a 
special ventilation of the apartment is nec- 
essary, even where windows are provided, 
to remove offensive smells from the use of 
the closets, which may arise, however well 
the closets may be trapped and flushed and 
the pipes ventilated. It would lead too 
far to consider in detail the best means 
for ventilating such apartments. Suffice 
it to say that providing only an exit for 
the foul gases cannot be regarded as ventil- 
ation. To preserve the purity of the at- 
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mosphere in such apartments it is neces- 
sary to introduce a sufficient quantity of 
pure air, moderately heated in winter time, 
and to provide an outlet for the foul air. 
A much-disputed question in locating this 
outlet is whether it should be near the 
floor or near the ceiling. The former may 
have advantages from an economical point 
of view, but from a sanitary point of view, 
which should only be taken into consider- 
tion in the ventilation of such apartments, 
I should always advise locating the outlet 
near the ceiling of the room* 

No amount of ventilation, however, will 
keep the air of the apartment pure unless 
the water-closet is frequently and thor- 
oughly washed and scrubbed. Such cleans- 
ing is much facilitated with the above-sug- 
gested open arrangement of a water-closet. 

The following valuable remarks of Mr. 
Edward S. Philbrick upon this subject 
so fully express my own views that I 
quote them in extenso : " The location of 
plumbing fixtures in dark corners, under 
stairways, and in closed closets is always to 
be avoided. Such fixtures, even if of the 
best materials and design, need frequent 
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washing and even scalding to keep them 
sweet, and the more light and air can be 
admitted to them, the more likely will 
the occupant be to enforce such cleanliness. 
The best authorities in England recom- 
mend the location of water-closets outside 
the house walls, in towers or outside ap- 
pendages. The rigor of our climate for- 
bids such an arrangement in the Northern 
States, but they can often be so placed 
near the outer wall of the house as to al- 
low of a window for the direct admission 
of light and air — i.e., in the same apart- 
ment. This can be done in all suburban 
houses without an undue sacrifice of light 
in the living and sleeping rooms, though 
city houses can rarely afford anything bet • 
ter than skylight and well-light for them. 
. . . The water-closets on the basement 
floor are generally the source of much 
trouble by injudicious location and subse- 
quent neglect. The rareness of the in- 
spection generally given to such fixtures 
by heads of families renders it all the 
more needful to place them where they 
can be readily and easily cleaned and well 
aired. . . . But however good the appa- 
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ratus and however well located, nothing 
will compensate for neglect by the occu- 
pants of the house. Frequent applica- 
tions of hot water and soap are just as 
needful to the surfaces of fucIi fixtures as 
to the bodies of the persons who use them. 
Of course, the woodwork about them 
should be so put together as to be readi'y 
taken apart without tools by any nouse- 
maid, to be periodically cleaned and aired. 
What is the custom in this respect ? Ex- 
pensive apparatus is often seen so boxed 
up by screwed and even nailed joinery 
that the spaces so enclosed are practically 
inaccessible and soon become abominably 
foul from spatterings. The less amount 
of woodwork the better, but by all meana 
have the whole so as to be ready of access 
without the need of so much as a screw- 
driver, and let every house-maid be taught 
the necessity of a regular routine in the 
cleansing operations, scalding and scour- 
ing every surface which has been exposed 
either to the spattering of urine, or even 
to the perspiration of the body. It may 
not be always possible to enforce such 
discipline, bin the le.<s it is enforced the 
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more important become the items of light, 
air, and simplicity of construction as aids 
in the same direction. The latter are 
generally under the control of the archi- 
tect, and his mistakes of planning entail 
a permanent and incurable evil, which it 
is therefore all the more important to 
avoid. . . . While every aid should be 
given to cleanliness by simplifying the ap- 
paratus, no amount cf perfection in this 
respect will avoid the need of constant 
thought and care on the part of those who 
use the fixtures, as well as those whose 
duty it may be to cleanse them. Such 
perfections of apparatus are but aids, and 
though not to be ignored by any means, 
are after all but of little avail if the people 
who use them are reckless and wanton in 
their habits. It is difficult enough to 
keep such apparatus in good order in pri- 
vate houses where not used by any one be- 
yond the supervision of the head of the 
family, but the trouble increases in a 
manifold ratio where fixtures are applied 
in hotels or public places, or in tenements 
to be used by more than one family. " 
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FLUSHING APPLIANCES. 

Flushing-tanks should be provided in a 
system of house-drainage whenever it is 
impracticable to lay the drain at an inclin- 
ation which will secure a sufficient cleans- 
ing flow. The idea underlying most of 
these flushing arrangements is the accu- 
mulation of a small flow of water — often 
merely a driblet — which continuously run- 
ning, at a sluggish rate, would not be able 
to remove deposits in the drain. When- 
ever this water has accumulated to a large 
Volume the flush-tank is automatically 
emptied and its contents are driven with 
a sudden rush through the drain. As this 
may be repeated as often as found neces- 
sary, the inside walls of the drain may be 
kept thoroughly cleansed, and any decom- 
position of organic matter is thus effectu- 
ally prevented. 

Automatic flush-tanks are likewise fre- 
quently used for flushing a number of 
water-closets, urinals, or slop-sinks, and 
even a single water-closet, if in an ex- 
posed locality, where the water in the sup- 
ply-pipes would be apt to freeze unless 
kept constantly running. It has been al- 
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ready stated that such continually-running 
driblets are unable to produce an effective 
flush, but, by collecting the driblets in 
a flush-tank discharging automatically 
when filled, the desired purpose may 
easily be accomplished. 

There are many varieties of flush-tanks, 
such as Field's siphon-tank, Adams's pat- 
ent deep-trap automatic siphon flush- 
tank, Doul ton's flush-tank, McFarland's 
tilting-tank, Shone's flush-tank, Maguire's, 
Rhoads's, Hydes's, Ivers's, Wilson's, Gui- 
nier's tanks, Jordan's automatic tilting 
flushing-tank, and others. 

Field's flush-tank, the invention of the 
well-known English engineer, Rogers 
Field, has been used with success in this 
country. One of his tanks has a common 
siphon, and is started only by a sudden 
addition of a larger quantity of water. 
The other tank is provided with an annii 
lar siphon, the outer and inner limb beim: 
concentric. This tank is started by a 
' small trickling flow. It may be con- 
structed of small size, to flush a row of 
hopper closets or urinals automatically. 
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Larger tanks are used for flushing house- 
drains and town sewers, and are also 
adapted for sewage disposal by surface or 
sub-surface irrigation. 

Fig. 5, A, shows a Field flush-tank with 
annular siphon, the tank being of wood 
lined with sheet lead. The longer inner 
limb of siphon reaches into the trapping- 
box suspended underneath, in which the 
water-level is kept about one-sixteenth of 
an inch below the end of the inner limb 
of siphon by means of the second " aux- 
iliary "■ siphon. The working of the tank 
is as follows : As soon as the water from 
the faucet has filled the tank so that the 
water rises to the top of the longer (inner) 
limb of siphon, it commences to overflow, 
but is guided by a conical- shaped adju- 
tage to drop clear of the sides, and seals 
the mouth of lower limb. In falling, the 
water carries air with it, which is thus 
displaced and driven out at mouth of in- 
ner limb in trapping-box. A slight vacuum 
is gradually created in the discharging- 
limb sufficient to start the siphon, which 
rapidly empties the tank. As soon as air 
is admitted through the outer (shorter) 
limb of siphon its action I stopped, all 
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the water in the inner limb drops into the 
water-chamber, and the auxiliary siphon 
lowers the water-line in trapping-box 
about one-sixteenth of an inch below the 
mouth of inner limb. Air enters at this 
place and completely breaks the siphon ; 
the tank is then ready for another dis- 
charge. The stop-cock can be regulated 
to fill the tank more or less rapidly accord- 
ing to option. 

McFarland's tank is shown in Fig. 5, B. 
It works by gravity, and is simply a bucket 
hung in a cistern, working in brass jour- 
nals. As soon as filled from a faucet regu- 
lated to let the water in slowly or quickly, 
as desired, the bucket tips over and emp- 
ties the entire contents at once. This 
tank is very well adapted for flushing clos- 
ets, slop-sinks, and urinals. 

REMOVAL OF ROOF, YARD, AND SURFACE 

WATER. 

Upright pipes for the removal of roof- 
water (leaders or conductors), located out- 
side of a house, may be of metal (copper, 
galvanized sheet- iron, or tin); when laid 
inside of a house they should \n>. of cast or 
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wrought-iron, and their joints treated in 
all respects as those of soil-pipes. Upright 
leaders should be 3 inches and upward 
in diameter, their size and number being 
in proportion to the amount of roof-water 
to be removed. Before joining the house- 
drain leaders should be trapped, if they 
are of metal and pass near windows, and 
also, in case they are of iron with tight 
joints, if they should open at the top be- 
low or near attic windows or ventilating 
flues. The traps of leaders should be 
placed sufficiently deep in the ground to 
prevent the water from freezing, and the 
water-seal should be sufficient in depth so 
as not to be readily lost by evaporation. 
It is preferable to place leader-traps iuside 
the cellar-walls, where they will not freeze, 
and where they can be easily cleaned in 
case of obstruction by solid matters from 
the roof-gutters. Tight iron rain-leaders 
do not as a rule require a special trap, un- 
less their top opens near dormitory win- 
dows or ventilating flues. Sometimes a 
leader delivers into the main trap of the 
drain, and thus helps to cleanse the trap. 
A portion of the roof-water should pre- 
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ferably be introduced at the head of the 
house-drain. 

Rain-leaders should never be used as 
soil-pipes, nor should they be solely de- 
pended upon to ventilate the drain; and, 
on the other hand, soil-pipes should never 
be used to carry rain-water from the roof. 
In making a sanitary examination of the 
Executive Mansion at Washington, under 
direction of Col, Geo. E. Waring, Jr., 
the writer had occasion to see an instance 
of the violation of this rule. The main 
soil-pipe in the building was a 10-inch (!) 
cast-iron pipe, which served the double 
purpose of receiving the discharge from 
three water-closets, a urinal, a slop-sink, 
and some wash-bowls and bath-tubs, and 
also all the rain-water from the large roof. 
At each rain-fall this large pipe received 
ample flushing, but in times of prolonged 
droughts its inner walls became thor- 
oughly slimed and foul with excremental 
and other matter. In times of violent 
rain-storms the water rushing down the 
10-inch pipe, and passing the branch 
wastes, very likely siphoned all water out 
of the traps, thus leaving the house un- 
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protected against tbe foul gases of the 
soil-pipe. 

Storm and surface waters from paved 
areas or court-yards should always be re- 
moved by yard-drains of ample size, which 
must join the house-drain by Y branches. 
Such drains should be properly trapped, 
not by the usual objectionable bell-traps 
in the shape of yard " cesspools, " but by 
Tunning traps, with deep seal to guard 
against evaporation, located preferably in- 
side the cellar-walls, and provided at the 
lowest point of the trap with a removable 
plug, to facilitate the removal of sand or 
obstructions. 

DRAINAGE OF CELLARS. 

It remains to discuss the proper method 
of removal of excessive moisture from the 
soil under and around a dwelling. Unless 
this is properly attended to, cellars of 
houses will be continually damp, the brick 
or stone walls will readily absorb the mois- 
ture by capillary attraction, and an excess 
of watery vapor will fill the house. The 
well-known researches of Dr. Bowditch 
of Massachusetts, and of Dr. Buchanan of 
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England, have clearly established the re- 
lation of excessive soil moisture to certain 
diseases, notably consumption, bronchitis, 
pneumonia, and other diseases of the lungs. 
Dr. Parkes in his admirable "Manual 
of Practical Hygiene " speaks about dis- 
eases connected with moisture and ground- 
water as follows: "Dampness of soil may 
presumably affect health in two ways — (1) 
by the effect of the water, per se, causing 
cold soil, a misty air, and a tendency in 
persons living on such a soil to catarrh 
and rheumatism ; and (2) by aiding the 
evolution of organic emanations. The de- 
composition which goes on in the soil is 
owing to four factors — viz., presence of 
decomposable organic matters (animal or 
vegetable), heat, air, and moisture. These 
emanations are at present known only by 
their effects ; they may be mere chemical 
agencies, but more probably they are low 
forms of life which grow and propagate in 
these conditions. At any rate, moisture 
appears to be an essential element in their 
production. The ground-water is pre- 
sumed to affect health by rendering the 
soil above it moist, either by evaporation 
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or capillary attraction, or b} alternate 
wettings and dryings. A moist soil is 
cold, and is generally believed to predis- 
pose to rheumatism, catarrh,and neuralgia. 
It is a matter of general experience that 
most persons feel healthier on a dry soil." 

In order to keep the level of the sub-soil 
water below a certain depth artificial chan- 
nels should be provided laid at that 
depth and sloping towards some proper 
outlet which will remove all surplus water. 
These channels, which carry off only 
clean water, are also called drains (this 
being the original meaning of the word). 

Near the foundation-walls of the house 
trenches dug for this purpose should 
be filled with loose or broken stones. 
Drains (common tiles) should be placed 
two or three feet below and under 
the cellar-floor, with open joints, care 
being taken to prevent any .intrusion 
of earth at the joints by wrapping tarred 
paper or strips of cotton around them. 
The drain can then be covered up and 
buried. The size of the tile-drains will 
depend on the character of the soil. As 
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a general rule lj-inch tiles are quite suf- 
ficient, except in the case of a spring in 
the cellar, when it may be necessary to 
use pipes of 2 inches, and sometimes even 
larger sizes. 

The only difficulty, from a sanitary 
point of view, consists in finding a proper 
outlet. If the house is a country resi- 
dence with ample ground around it, and 
especially if the land is not level, but 
slopes to some distant valley or creek, it 
is very easy to continue the main cellar- 
drain with a sufficient pitch to some gutter 
or open ditch, into which it may discharge. 

The case becomes difficult with city 
houses, on narrow lots, with no other out- 
let available but the sewer under the 
street. A direct connection between the 
cellar-drain and the sewer is forbidden 
for well-known reasons, and even the 
interposition of an ordinary water-seal 
trap may not be regarded as a sufficient 
safeguard, for during periods of droughts 
the water evaporates, allowing the gases 
from the sewer to pollute the ground un- 
der the house. 



216 



The drain should run into a mason's 
trap with deep water-seal, and filled, with 
coarse sand or fine gravel ; and before 
joining the sewer the drain should be 
trapped by a running trap, into which, 
if practicable, a leader should discharge. 
Another arrangement is to trap the cellar- 
drain, and to provide an outlet for gases 
which may force the trap, by a vertical 
pipe, on the house side of the trap, and 
opening on the surface of the ground. 
This is sometimes done when the sewer 
is located in an alley at the rear of the 
house, and an open yard gully may be 
connected to the vertical vent-pipe to 
supply the running trap with water. 

It is equally important to have a dry, 
.impervious floor in the cellar, which can 
be secured by first laying a base of con- 
crete, upon which a layer of about J inch 
of asphaltum should be placed. This 
makes the floor practically impervious. 
It should then be properly finished with 
a layer of best Portland cement. 

Openings in the cellar-floor connecting 
to the house-sewer are highly objection- 
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able, unless trapped by some deep trap, 
the water-seal of which is not easily lost 
by evaporation. In localities subject to 
back-water from tides a flap- valve or ball- 
valve may be required. 

Better than either arrangement is a 
pipe, carried up from the main house- 
drain to the cellar floor, and closed tight- 
ly by a plug screwed into the outlet of 
such pipe, which plug may be removed 
should it become necessary to carry ofiE 
water from the cellar-floor. 

DAMPNESS OF WALLS. 

In order to prevent dampness of walls, 
that part of the wall below the level of 
the ground should be constructed with 
particular care. Nothing will better pre- 
vent dampness in walls than a "damp- 
course " of some impervious material. As- 
phaltum is probably best for this purpose, 
though layers of slate in concrete or damp- 
proof tiles are very efficient. If at all 
practicable, there should be a dry area all 
around the foundfction-walls in order to 
prevent any dampness in the walls origi- 
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nating from the earth surrounding it at 
the sides. If such an area cannot be pro- 
vided a double wall with an air-space be- 
tween inner and outer walls should be 
used. 

RECORD AND PLAN OF DRAINAGE AND 
PLUMBING INSPECTION. 

It cannot be too strongly recommended 
to every householder to keep for future 
reference, for cases of inspection or re- 
pairs and alterations, a complete plan of 
all the drain, soil, and waste pipes in and 
outside of the house, a record of the depth 
of the drain at all principal points, of the 
sizes and material of pipes, of the location 
of junctions, traps, fresh-air pipes, access- 
pipes or cleaning Y's, of all fixtures on 
every floor, etc. 

Frequent inspections of the plumbing 
of buildings are by no means superfluous. 
They are very important in the case of 
public buildings, schools, hospitals, asy- 
lums, jails, hotels, but especially so for 
such buildings as are occupied only a 
part of the year (summer residences, sea- 
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side hotels, mountain resorts, etc.) In 
some cities "sanitary associations" have 
been organized, such as at Newport, E. I. ; 
Lynn, Mass. ; Brooklyn, N. Y. ; Mon- 
treal, Canada; Savannah, Ga., and other 
places. The members in several of these 
associations can avail themselves of the 
services of an inspector of plumbing em- 
ployed by the association, in order to as- 
sure themselves by frequent inspections 
of the sanitary condition of the plumbing 
in the house, of its outside drainage and 
water-supply, its ventilation, etc. 

In the case of new buildings the archi- 
tecfs plans should show the exact location 
of the proposed plumbing work, fixtures, 
supply, soil, waste, and air pipes in the 
house. The work should be done accord- 
ing to detailed written specifications, care- 
fully drawn up by the architect or a sani- 
tary engineer, under whose immediate di- 
rection the plumber should work. It is a 
mistake — but, alas ! how often is it made 
— to give the plumbing work of a new 
building out by contract. The slight 
amount saved in first expense is almost 
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always followed by an increased outlay 
for extra work or for repairing and alter- 
ing defects, which appear only after the 
house is occupied. A prudent house- 
owner will prefer to have his plumbing 
done by day labor, by honest, conscien- 
tious plumbers — and these are by no 
means rare, as the universal cry against 
them would seem to indicate — who care 
more about their reputation than about a 
few dollars earned through dishonest and 
careless work. 

PLUMBING REGULATIONS. 

In many of our large cities plumbing is 
, now regulated by law. The health au- 
thorities have issued carefully-drawn regu- 
lations for the drainage and plumbing of 
buildings. They require the plans tor 
plumbing to be submitted to them for 
approval and for filing. As the plumber 
proceeds with his work it is examined 
from time to time by intelligent inspectors 
appointed by the Board of Health. When 
the work is finished, and before any pipes 
are covered up, a final inspection is made, 
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including in recent years the testing of 
the pipe-system under hydrostatic pres- 
sure, or with oil of peppermint. 

Such inspections and the enforcement 
of certain rules in regard to details of 
plumbing work will certainly tend to les- 
sen the frequent complaints about bad 
plumbing in houses, and the consequent 
entrance of sewer-air. They will con- 
tribute much toward the lowering of a 
high death-rate, and no city of import- 
ance should be without such regulations. 

Since experts in house-drainage are by 
no means agreed upon many details of 
plumbing work, it cannot be expected 
that any such regulations may as yet be 
perfect. Some of the rules even seem 
ill-advised — for instance, the requirement 
that the top of soil-pipes should be cover- 
ed with a "cowl," or " return bend," 
which rule entirely ignores the important 
experiments at Kew on the action of ven- 
tilators or cowls. Again, I fail to find 
in any of the plumbing regulations which 
I have seen a rule prohibiting the use 
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of sanitary appliances universally ac- 
knowledged as bad. Not one of them, 
for instance, even advises against the use 
of that worst of all apparatus, the pan- 
closet. It has always seemed to me that 
sanitary science had advanced sufficiently 
far to justify Boards of Health in positive- 
ly prohibiting pan-closets in buildings of 
any kind.* 

But, taken as a whole, most plumbing 
regulations are excellent, and cannot fail 
to elevate the standard of plumbing work. 

SYSTEM OF HOUSE-DRAINAGE. 

Fig. 6 represents a section through a 
dwelling-house, illustrating the essential 
elements of a system of house-drainage. 

A is the gravel-trap, into which the 
subsoil-drain B discharges, and which 
serves to prevent the gases from the sewer 
from entering the drain-tiles and permeat- 
ing the cellar. The drain B for cellar- 
drainage should be of common 1} to 2-inch 
tile-drains, laid with open joints, around 

* This was written in 1884, since which time the writer 
ha* seen a number of plumbing regulations in which pat- 
closets were entirely prohibited. 
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which tarred paper or cotton-rags may be 
wrapped to prevent any stoppage of the 
tiles from dirt falling in at the joints. 

C is the house-drain, which should con- 
sist of 4-inch vitrified pipe with well ce- 
mented joints to within 10 feet from the 
cellar-wall. D is the running-trap on the 
main drain to disconnect the house from 
the sewer. Into it the rain-leader X dis- 
charges. E is a Y branch, closed with a 
brass trap-screw or a plug, for cleaning 
purposes. F is a fresh-air pipe, 4 inches 
in diameter, entering the house-drain 
above the trap, and carried some distance 
away from the house, its mouth being 
hidden from view by shrubbery, and cov- 
ered with a wire basket for protection 
against obstructions. 

G is the 4-inch house-drain, of heavy 
iron pipe, with well-tightened joints, car- 
ried with sufficient fall along the cellar- 
wall to the furthest point, where it re- 
ceives either a soil-pipe or a rain-leader. 

H H are the 4-inch iron soil-pipes, 
which join the iron drain in cellar by Y 
branches and eighth-bends. They are ex- 
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tended full size through the roof, and 
their outlets 1 1 are protected by strong 
wire baskets. 

J is a small refrigerator which wastes 
into a movable pail. K is the large tank 
in the attic, which is supplied through a 
ball-cock from street-pressure. Its over- 
flow-pipe L is shown trapped by an S-trap 
with deep seal, and emptying into the 
gutter of the roof. The blow-off N from 
tank runs down vertically and delivers 
over the kitchen sink. 

M M are small cisterns for flushing the 
water-closets and slop-hopper only. 

are oval earthenware wash-bowls 
with lj-inch waste-pipes and overflow- 
pipes of lead, trapped by an ti -siphoning 
or mechanical traps, and delivering into 
4*x2* Y branches of the soil-pipes. 

P is a pantry-sink, of neavy tinned and 
planished copper, with overflow and 1\' 
waste-pipe of lead trapped by an anti-si- 
phoning or mechanical trap, and entering 
a Y branch of the soil-pipe. 

Q are slate, cement-stone, soap-stone, or 
ceramic wash-tubs, with 1\' waste-pipe, 
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properly trapped as before described, for 
wash-bowls. 

E is an all-earthenware flushing-rim 
slop-hopper, trapped by a vented S-trap, 
and flushed from a special cistern. 

S is the kitchen-sink, of galvanized or 
enamelled iron, or of earthenware with 
a l^" lead waste-pipe, properly and secure- 
ly trapped. 

T is a bath-tub, of enamelled iron or 
heavy planished copper, or of porcelain. 
It is provided with a standing-waste, and 
trapped by an anti-siphoning or mechani- 
cal trap. 

T' is a small hip-bath of copper, pro- 
vided with overflow and 1-J-* waste-pipe, 
trapped by a vented S-trap. 

V is a 2-inch air-pipe to prevent the 
siphonage of the water-closet and slop- 
hopper traps. It is extended through 
the roof, and enlarged to a 4-inch outlet, 
which should be left without any other 
covering than a wire basket. The water- 
closet trap at the right of the bath-tub is 
not shown with a vent, because the water- 
closet is of the improved short-hopper 
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type, holding water to the depth of six 
inches in the bowl, which seal could never 
be broken by siphonage or capillary at- 
traction.* 

WWW are wnter-blosets, the types 
shown being the long and short hopper 
and the washout closets. Each of these 
is provided with a special flushing-cistern 
MM M. 

X X is a copper, cast-iron or wrought-, 
iron rain -leader delivering the water into 
the running-trap of the house-drain. 

Y is the blow-off from the boiler, which 

* The diagram does not make provision for vertical air- 
pipes with branches to aU traps. As stated in the paragraph 
"Venting of Traps and Trap-Siphonage," it is my opinion 
that snch air-pipe is not necessary in aU cases, and that in 
many cases the old proverb applies to trap-ventilation: " In- 
cidit in ScyUam qui vult vitare Oharybdlm." While we try to 
prevent loss of water-seal by siphonage by venting traps, we 
increase the amount of evaporation, and if fixtures remain 
unused for several days, the water-seal may be lost, which 
would not happen with an unventilated deep anti-siphoning 
trap. Other reasons have been given against snch trap- 
ventilation, notably the great complication and increased 
cost of the work. Finally, it has been ascertained by care- 
ful experiments made for the Boston City Board of Health 
by Mr. J. Pickering Putnam that simple discharges from 
certain forms of water-closets (plunger-closets) will, under 
certain conditions frequently met in plumbing-work, destroy 
the ttxtfer-eeal of a weU-ventitoted S-trap. Consequently 

trap-ventilation is not a reliable cure in all cases. 

W. P. Q. 
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wastes into a Y branch of the iron drain 
in cellar. 

The system described and illustrated 
differs from the methods of house-drain- 
age as practised in England in one essen- 
tial point. There, it is the rule to keep 
soil-pipes separate from waste-pipes ; to de- 
liver to the former, in the words of Prof. 
Fleming Jenkin, "such foul matters as 
would certainly be tainted when conta- 
gious disease occurs in the house" — in 
other words, the waste water from water- 
closets, urinals, slop-sinks, and probably 
laundry-tubs. A second system "receives 
all liquids, which may be called dirty, 
but not foal — the water from baths, 
kitchen-sinks, and wash-hand basins." It 
is, moreover, the rule in England to locate 
the soil-pipe outside of the house-walls, 
and to deliver the waste-pipes over an 
open gully in the yard, from whence the 
wastes run into the house-drain. Both 
arrangements are entirely impracticable 
in this country on account of the severity 
of the climate, and the separation of the 
two systems by discriminating between 
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foul and dirty waste water leads to un- 
necessary complications. With well-joint- 
ed, thoroughly ventilated soil-pipes of 
iron, it seems quite permissible in Ameri- 
can plumbing to run into them the wastes 
from any fixture in the house, if it be 
near the soil-pipe, and where vertical 
stacks of waste-pipes are run for bath- 
tubs and wash-basins, these, waste-pipes, 
if properly jointed, may with perfect 
safety deliver into the iron cellar-drain, 
which receives the soil-pipes of the house. 



If all the rules on house-drainage here- 
tofore explained are carefully observed 
the system of drainage of a dwelling will 
be as perfectly as possible in accordance 
with the present knowledge of sanitary 
science. Time and experience may find 
out hitherto unknown faults, but will also, 
it is believed, teach the proper remedies. 
With pipes of proper material, properly 
joined, properly laid, and properly and 
sufficiently often flushed with air and 
water, the object of a system of house- 
drainage seems to be attained — viz., the in- 
stant removal from the house of all liquid 
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and semi-liquid waste matter, and the per* 
feet oxidation and constant dilution of the 
air contained in the pipes. 

Says Mr. J. C. Bayles: "The conclu- 
sion I have reached is that when sewer- 
air finds its way into a house through the 
soil and waste pipes the fault lies some- 
where between the architect, the builder, 
and the plumber. In any case it is with- 
out excuse. I know that houses can be 
drained into sewers without bringing 
sewer-air into them. The existence of 
foul sewers is in itself a perpetual dan- 
ger to the public health, but there is no 
reason why we should bring that danger 
into our houses by providing channels 
through which the poisonous air of the 
sewer can find a means of ingress. I 
know of houses into which no sewer- air 
ever comes — unless, possibly, through the 
windows, borne in with the air of the 
street — and I have no hesitation in say- 
ing that, when the tenants of houses de- 
mand immunity from the dangers of un- 
heal thful conditions, architects and build- 
ers will find a means of correcting the 
evils now complained of as practically ir- 
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remediable. Sanitary reform in cities only 
waits until those to be benefited by it shall 
demand it." 



I have endeayored in this yolnme to 
explain what means and devices should be 
used, and what rules must be followed, 
speedily and safely to remove by the 
water-carriage system all liquid and semi- 
liquid wastes from habitations. 

Further information on this branch of 
domestic and sanitary engineering may be 
found in a companion volume, in the 
Van Nostrand Science Series, published 
in a second, enlarged adition in 1890, and 
entitled " Recent Practice in the Sanitary 
Drainage of Buildings." 

The all-important question of how to 
dispose of the waste matters of the house- 
hold in the safest, least disagreeable, most 
efficient and most economical manner has 
not been referred to herein. 

The discharge of sewage into water- 
courses or into the sea, its treatment by 
chemical processes, filtration of sewage, 
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surface and sub-surface irrigation, inter- 
mittent downward filtration of sewage, 
the processes of dry removal, by pail or 
tubs, earth-closets, ash-closets, cesspools, 
privies, vaults, manure pits and kindred 
subjects, the removal of garbage, kitchen 
slops, ashes, etc., in other words, " The 
Disposal of Household Wastes/ 9 is made 
the subject of a third volume in the 
Science Series, published in 1890, 
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SWING (Prof. A. J.). The Magnetic Induction in 

Iron and other metals. 159 illustrations. 6vo, cloth 4 00 

TANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Water-Supply Engineering. Relating to the 
Hydrology, Hydro-dynamics, and Practical Con- 
struction of Water- Works in North America. 180 
illustrations. 8vo, cloth. Fourteenth edition, revis- 
ed, enlarged, and new tables and illustrations 
added. 650 pages 5 00 

CFISH (J. C. L.). Lettering of Working Drawings. . 
Thirteen plates, with descriptive text. Oblong, 
9x12^, boards 1 00 

OTSKE (Lieut. BRADLEY A., U. S. N.). Electric- 
ity in Theory and Practices or, The Elements of 
Electrical Engineering. Eighth edition. 8vo, cloth 2 50 

YISHER (H. K. C. and DABBY, W. C). Students' 
Guide to Submarine Cable Testing. 8vo, cloth 2 50 

JFISHER (W. C). The Potentiometer and its Ad- 
juncts. S\ o, cloth 2 26 

JBXEISCHM ANN (W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the German, by C. M. Aikman and 
R. Patrick Wright. 8vo, cloth 4 00 

'FLEMING (Prof. J. A.). The Alternate Current 
Transformer in Theory and Practice. Vol. 1 — The 
Induction of Electric Currents; 611 pages. New edi- 
tion. Illustrated. 8vo, cloth 5 00 

Vol. 2. The Utilization of Induced Currents. Illus- 
trated. 8vo, cloth 5 00 

Electric Lamps and Electric Lighting. Being a 
course of four lectures delivered at the Royal Insti- 
tution, April-May, 1894. 8vo, cloth, fully illustrated 8 00 
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FLEMING (Prof. J. A.). Electrical Laboratory 
Notes and Forms, Elementary and advanced. 4to, 
cloth, illustrated 5 <X> 

FOLEY (NELSON), and THOS. PRAY, Jr. The 

Mechanical Engineers' Reference Book for Machine 
and Boiler Construction, in t parts. Part 1 — General 
Engineering Data. Part 2— Boiler Construction. 
With fifty-one plates and numerous illustrations, 
specially- drawn for this work. Folio, half mor . . .26 0u> 

FORNEY (MATTHIAS N.). Catechism of the Loco- 
motive. Second edition, revised and enlarged. 
Forty-sixth thousand. 8vo, cloth 3 60 

FOSTER (Gen. J. G., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachusetts. Removal of 
Tower and Corwin Rocks. Illustrated with 7 plates. 
4to, cloth 8 6ft 

FOSTER (H. A.). Electrical Engineers 1 Pocket Book. 
1000 pages with the collaboration of Eminent 
Specialists (In press) 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other Liquids by the 
Multiple System in Vacuum and Open Air. Second 
edition. Diagrams and large plates. 8vo, cloth. . . . 7 6ft 

FOWLER. Mechanical Engineers 1 Pocket Book for 

1900 1 Ofe 

FOX (WM.), and C. W. THOMAS, M. E. A 

Practical Course in Mechanical Drawing. 12mo, 
cloth with plates 1 23* 

FRANCIS (J AS. B., C. E.). Lowell Hydraulic 
Experiments. Being a selection from experiments 
on Hydraulic Motors, on the Flow of Water over 
Weirs, in open Canals of uniform rectangular 
section, ana through submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, wiih many new experi- 
ments, and illustrated with 23 copper-pate engrav- 
ings. 4to, cloth 15 0G> 

FROST (GEO. H.). Engineer's Field Book. By C. 
S. Cross. To which are added seven chapters on Rail- 
road Location and Construction. Fourth edition. 
12mo, cloth 1 0O 
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FUiXER (GEORGE W.). Report on the Investiga- 

tiona into tbe Purification of the Ohio River Water 
at Louisville, Kentucky, made to the President and 
Directors of the Louisville Water Company. Pub 
lished under agreement with the Directors. 4to, 
cloth. 8 full page plates net 10 00 

GEIPEL (WM.} ( and KILGOUR, CM.. H.) A 

Pocketbook of Electrical Engineering Formula. Il- 
lustrated. 18mo, morocco 8 00 

Large paper edition, wide margins. 8vo, morcco, 
gilt edges 5 00 

OERBER (NICHOLAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infant's Milk- 
Food. 8vo, cloth 196 

GIBBS (WILLIAM IF.). Lfchtingby Acetylene, Gen- 
erators, Burners and Electric Furnaces. With 60 
illustrations. Second edition revised. 12mo, cloth. . 1 60 

GILLMORE (GEN. Q. A.). Treatise on Limes, Hy- 
raullc Cements, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
"No 9, containing Reports of numerous Experiments 
-conducted in New York Cityduring the years of 1868 
to 1861, inclusive. With numerous illustrations. 8vo 
€loth 4 00 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
cloth 200 



Report on Strength of Building Stones in the 



United States, etc. 8vo, illustrated cloth 1 00 

FOLDING (HENRY A.). The Theta-Phi Diagram. 
Practically applied to Steam, Gas, Oil and Air En- 
gines. 12mo, cloth. Illustrated. . net 1 26 

4*OODEYE (T. M.). A Text-Book on the Steam En- 
gine. With a Supplement on Gas-Engines. Twelfth 
Edition, enlarged. 143 illustrations. 12mo, cloth. ..2 00 

GORDON (J. E. H.). School Electricity. Illustra- 
tions. 12mo, cloth 2 00 

GORE (G., F. R. S.). The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical.) 
Illustrated. 8vo, cloth 3 60 



Electro Chemistry Inorganic. Third Edition. 



8vo, cloth 80 
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GOULD (E. SHERMAN). The Arithmetic of the 
Steam Engine. 8vo, cloth 100 

GRIFFITHS (A. D., Ph. D.). A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Student. 12mo, cloth 8 00 

GROVEB (FREDERICK). Practical Treatise on 
Modern Qas and Oil Engines. 8vo, cloth. Illustrated 2 00 

GURDEN (RICHARD LLOYD). Traverse Tables: 
computed to 4 places Decimals for every ° of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition. Folio, half morocco. ..7 60 

GUY ARTHUR (F.). Electric Light and Power, 
giving the Result of Practical Experience in Central 
Station Work. 8vo, cloth. Illustrated 8 80 

HAEDER (HERMAN C. E.). A Hand book on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
by the author from the second German edition, and 
translated with considerable additions and altera- 
tions by H. H. P. Powels. 12mo, cloth. Nearly 1100 
illustrations 3 00 

HALL (WM. S. Prof.). Elements of the Differential 
and Integral Calculus. Second edition. 8vo, cloth. 
Illustrated net 2 26 

HALSE Y (F. A.). Slide Valve Gears; an Explanation of 
the action and Construction of Plain and Cut-off 
Slide Valves. Illustrated. 12mo, cloth. Sixth 
edition 160 

The Use of the Slide Rule. Illustrated with 



diagrams and folding plates. 16ino, boards 60 

HAMILTON (W. G.). Useful Information for Rail- 
way Men. Tenth Edition, revised and enlarged. 
562 piges, pocket form. Morocco, gilt 2 00 

HANCOCK (HERBERT). Text Book of Mechan- 
ics and Hydrostatics, with over 600 diagrams. 8vo, 
cloth 175 

HARRISON (W. B.). The Mechanics 1 Tool Book. 
With Practical Rules and Suggestions for use of 
Machinists, Iron-Workers, and others. Illustrated 
with 44 engravings. 12mo, cloth 160 
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HASKINS (C. H.). The Galvanometer and its Uses. 
A Manual for Electricians and Students. Fourth 
edition. 12m o. cloth ... 160 

HAWKE (WILLIAM H.). The Premier Cipher 
Telegraphic Code Containing 100,000 Words and 
Phrases. The most complete and most useful general 
code } et published. 4to, cloth 5 00 

" 100,000 Words; Supplement to the Premier Code. 
All the words are select *d from the official vocabu- 
lary. Oblong quarto, cloth 420 

HAWKINS (C. C.) and WALLIS (F.). Th- Dynamo; 
its Theory, Design and Manufacture. 190 Illustra- 
tions, 12mo, cloth 3 00 

HAT (ALFRED). Principles of Alternate-Current 
Working. 12mo, cloth, iliustraed ... ... 2 00 

HEAP (Major D. P., U. S. A.). Electrical Appliances 
of the Present Day. Report < f the Paris Electrical 
Exposition of 1881 350 illustrations. 8vo, cloth 2 00 

HEAVISIDE (OLIVER). Elect omagnetic Theory. 
8vo, c otb, two volumes « ac j 5 00 

HENRICI (OLAUS). Skeleto i Structures, Applied 
to the Building of S eel and Iron Bridges. Illustrated 1 50 

HERRMAN N (GUST A V). The Graphical Statics of 
Mechanism. A Guide for tne Use of Machinists, 
Architec s, and Engineers: and also a Tex* -book for 
Technical Schools. Translated and annotated by A 
P. Smith, M. E. 12jqo, cloth, 7 folding plates. Third 
Edition 2 00 

HERMANN (FELIX). Painting on Glass and Porce- 
lain and Enamel Painting. On the Basis of Personal 
Practical Expedience « f the Condition of the Art up 
to date Translated by Charles Salter. Second 
greatly enlarged edition. 8vo, cloth, Illustrations, 
net 850 

HEWSON (WM.), Princples and Prac ice of Em- 
banking L^nds from River Floods, as applied to the 
Levees of the Mississippi. 8vo, cloth 200 

HILL (JOHN W.). Ths Purification of Public Water 
Supplies. Illustrated with valuable Tables, Dia- 
grams and Cuts 8vo, clotn, 804 pages 8 00 



The Inter r reta'ion of Water Analyses. . (In Press) 



SCIENTIFIC PUBLICATIONS S. If 



mm 



HOBBS (W. R. P.). The Arithmetic of Electrical 
Measur. meots with numerous examples. Fully 
'Worked, 12mo, cloth .60 

HOFF(WM. B„ Com. U. S. Navy.). The Avoidance 
of Collisions at Sea. 18mo, morocco 75 

HOLLEY (ALEXANDER L.). Railway Practice. 
American and European Railway practice in the 
Economical Generation of Steam. 77 lithographed 
plates. Folio, cloth 18 00 

HOLMES (A. BROMLEY). The Electric Light Pop- 
ularly Explained. Fifth Edition. Illustrated. 12mo, 
paper .40 

HOPKINS (NEVIL M.). Model Engines and small 
Boats. New Methods of Engine and Boiler Making 
with a chapter on Elementary Ship Design and 
Construction . 12mo, cloth 1 25 

HOSPITALIER (E.). Polyphased Alternating Cur- 
rents. Illustrated. 8vo, cloth 140 

HOWARD (C. R.). Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Containing 
Simple and Labor-saving Methods of obtaining Pris- 
moidal Contents directly from End Areas. Illustra- 
ted by Examples and accompained by Plain Rules 
for Practical Uses. Illustrated. 8vo, cloth ISO 

HUMBER (WILLIAM, C. E.). A Handy Book for 
the Calculation of Strains in Girders and Similar 
Structures, and their Strength ; Consisting of 
Formulae and Corresponding Diagrams, with 
numerous details for practical application, etc. 
Fourth Edition. 12mo, cloth 2 50 

HURST (GEORGE H.). Colour; A Hand-book of the 
Theory of Colour. Containing ten coloured plates 
and 72 diagrams. 8vo, cloth. Illustrated. Price 2 60 

Lubricating Oils, Fats and Greases. Their Origin , 

Preparation, Properties, Uses and Analysis. 313 
pages, with 65 illustrations. 8vo, cloth 8 00 

— — Soaps; A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. Illustrated with 
66 Engravings. 8vo, cloth 5 00 
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HUTCHINSON (W. B.). Patents and How to Make 
Mo ey out of Them. Member of New York Bar. 
12mo,cloth. NewYork,1899 125 

MUTTON (W. 8.). Steam Boiler Construction. A 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Containing a large collection 
of rules and data relating to recent practice in the 
design, construction, and working of all kinds of 
stationary, locomotive and marine steam boilers. 
With upwards of 600 illustrations. Third edition. 
Carefully revised and much enlarged. 8vo, cloth ... 6 00 

1 Practica Engineer's Hand-book, Comprising a 
treatise on Modern Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 570 
illustrations. 8vo, cloth 7 00 

The Works' Manager's Hand-book of Modern 
Rules, Tables, and Data for Civil and Mechanical 
Engiueers. Millwrights and Boiler Makers, etc. , etc. 
With upwards of 150 illustrations. Fifth edition. 
Carefully revised, with additions. 8vo, cloth 6 00 

IKNES (CHARLES H.). Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 60 

"■ Centrifugal Pumps, Turbines and Water Motors. 
Including the Theory and Practice of Hydraulics 
12mo, cloth 1 50 

ISHERWOOD (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustra- 
tions. 2 vols, in 1. 8vo, cloth 2 50 

JAMESON (CHARLES ».)• Portland Cement. Its 
Manufacture and Use. 8vo, cloth 1 50 

JAMIESON (ANDREW C. E/>. A Text-Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science and Art, City and Guilds of London 
Institute, and other Engineering Students. Tenth 
edition. Illustrated. 12mo, cloth ....300 

»» Elementary Manual on Steam and the Steam 
Engine. Specially arranged for the use of First- 
Year Science and Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. i2mo, cloth 1 40 



• 
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JANNETTAZ (EDWARD). A Guide to the Deter- 
mination of Rocks : being an Introduction to 
Lithology. Translated from the French by G. W. 
Plympton, Professor of Physical Science at Brook- 
lyn Polytechnic Institute. 12mo, cloth 1 50 

JOHNSTON, Prof. J. if. W., and CAMERON, Sir 
CHAS. Elements of Agricultural Chemistry and 
Geology. Seventeenth edition. 12mo, cloth 2 OP 

JOTNSON (F. H.). The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. 12mo T 
cloth 75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth 2 00 

KANSAS CITY BRIDGE (THE.) With an Account 
of the Regimen of the Missouri River and a Descrip- 
tion of the Methods used for Founding in that River. 
By O. Chanute, Chief Engineer, and George Morri- 
son, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth. . . 6 00 

KAPP (GISBERT C. E.). Electric Transmission 
of Energy and its Transformation, Subdivision, and 
Distribution. A Practical Hand-book. Fourth- 
edition, revised. 12mo, cloth 3 60 

Dynamos, Alternators and Transformers. 188 

Illustrations. 12mo, cloth 4 00 

KEMPE (H. R.). The Electrical Engineer's Pocket- 
Book of Modern Rules, Formulae, Tables and Data. 
Illustrated. 32mo, mor. gilt 1 79 

KENNELLY (A. E.). Theoretical Elements of Elec- 
tro Dynamic Machinery. 8vo, cloth 1 50» 

KILGOUR, M. H., SWAN, H., and BIGGS, C. H. 

W. Electrical Distribution; its Theory and Practice. 

174 Illustrations. 12mo, cloth 4 W 

KING (W. H.). Lessons and Practical Notes on 
Steam. The Steam Engine, Propellers, etc., for 
Toung Marine Engineers, Students, and others. 
Revised by Chief Engineer J. W. King, United States 
Navy. Nineteenth edition, enlarged. 8vo, cloth . . 2 00 

KINGDON (J. A.). Applied Magnetism. An intro- 
duction to the Design of Electromagnetic Apparatus. 
8vo, cloth 3 Of 
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KIRK ALDY (WM. G.). Illustrations of David Kirk- 
altiVs System of Mechanical Testing, as Originated 
and Carried On by him during a Quarter of a Century. 
Com prising a Large Selection of Tabulated Results, 
showing the Strength and other Properties of Mate- 
rials used in Construction, with explanatory Text 
•and Historical Sketch. Numerous engravings and 
26 lithographed plates. 4to, cloth 20 00 

KIRK WOOD (J AS. P.). Report on the Filtration of 
River Waters for the supply of Cities, as practised in 
Europe, made to the Board of Water Commissioners 
of the City of St. Louis. Illustrated by 80 double- 
plate engravings. 4to, cloth 7 60 

LARRABEE (C. S.). Cipher and Secret Letter and 
Telegraphic Cod**, with Hog's Improvements. The 
most perfect Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo. 
cloth 60 

I*AZEIXE (H. M.). One Law in Nature. A New 
Corpuscular Theory comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitu- 
tion, etc. 12mo, cloth 1 00 

LEASK (A. RITCHIE). Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo, cloth. Second edition 2 00 

Triple and Quadruple Expansion Engines and 

Boilers and their Management. With fifty-nine 
.illustrations. Third edition, revised. 12mo, cloth. 2 00 



Refrigerating Machinery : Its Principles and 



Management. With sixty-four illustrations. 12mo, 
cloth 2 00 

XECKY (S. T. S.). " Wrinkles " in Practical Naviga- 
tion. With 130 illustrations. 8vo, cloth. Ninth 
edition, revised 8 40 

IiEVY (C. L.). Electric Light Primer. A Simple and 

Comprehensive Digest of all of the most important 

facts connected with the running of the dynamo, and 

-? electric lights, with precautions for safety. For the 

- use of persons whose duiy it is to look after the 

^ plant bvo, paper 50 
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LIVACHE (ACH., Ingenieur Civil Des Mines). 

The Manufacture of varnishes, Oil Crushing, Refin- 
ing and Boiling and Kindred Industries. Translated 
from the French and greatly extended, by John 
Geddes Mcintosh. 8vo, cloth. Illustrated. net 5 00 

LOCKE (ALFRED G., and CHARLES G.) A Prac- 
tical Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to t-cale Meas- 
urements, and other Illustrations. Royal 8 vo, cloth.10 00 

LOCKERT (LOUIS). Petroleum Motor-Cars. 12mo, 
cloth 160 

LOCKWOOD (THOS. D.). Electricity, Magnetism, 
* and Electro-Telegraphy. A Practical Guide for 
Mudents, Operators, and Inspectors. 8vo, cloth. 
Third edition... 2 60 

Electrical Measurement and the Galvanometer ; 

its Construction and Uses. Second edition. 82 illus- 
trations. 12rao, cloth 160 

LODGE (OLIVER t T Elementary Mechanics, 
including Hydrostat nd Pneumatics. Revised 
edition. 12mo, cloth 1 60 

LOKING (A. E.). A ' -book of the Electro-Mag- 
netic Telegraph. I boards 60 

Cloth 75 

Morocco 100 

LUCE (Com. S. B.). rt-Book of Seamanship. The 
Equipping and Hi ag of Vessels under Sail or 
Steam. For the use of theU. S. Naval Academy. 
Revised and enlarged edition, by Lt. Wm. S. Benson, 
bvo, cloth 10 00 

LUNGE (GEO.). A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. Vol. I. Sulphuric 
Acid, Second edition, revised and enlarged. 342 

illustrations. 8vo, cloth .15 00 

Vol. II. Second edition, revised and enlarged. 

8vo, cloth 16 80 

Vol III. 8vo, cloth. New edition, 1896. 15 00 

LUNGE. (GEO.), i»nd HURTER, F. The Alkali 
Maker's Pocket-Book. Tables and Analytical Meth- 
ods for Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, l'ota*h and Ammonia. Second edition. 
12mo, cloth . . 8 01 



22 D. VAN NOSTRAND COMPANY'S 

IUQUER (LEA McILVAINE, Pb. I>.). Minerals 
in Rock Sections. The Practical Method of Identi- 
fying Minerals in Rock Sections with the micro- 
scope. Especially a rranged for students in Technical 
and Scientific Schools. 8vo. cloth. Illustrated.. net 1 60 

MACCORD (Prof. C. W.). A Practical Treatise on 
the Slide- Valve by Eccentrics, examining by methods 
the action of the Eccentric upon the Slide- Valve, 
and explaining the practical processes of laying out 
the movements, adapting the Valve for its various 
duties in the Steam Engine. Second edition. Illus- 
trated. 4to, cloth 860 

MAGUIRE (Capt. EDWARD. U. S. A.). The * 
Attack and Defence of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 60 

MAGUIRE (WM, R.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. 832 
illustrations. 8vo 4 00 

MARKS (EDWARD C. R.). Mechanical Engineering 
Materials: their Properties and Treatment in Con- 
struction. 12mo, cloth. Illustrated W 

Notes on the Construction of Cranes and Lifting 



Machinery. 12mo, cloth 1 00 

MARKS (G. C). Hydraulic Machinery Employed in 
the Concentration and Transmission of Power. 
12mo, cloth 126 

MATER (WM.). American Telegraphy: Systems, 
Apparatus, Operation. 450 illustrations. 8vo, cloth. 8 50 

MATER (Prof. A. M.)« Lecture Notes on Physics. 
8vo, cloth 2 00 

McCULLOCH (Prof. R. S.). Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. 8vo, cloth 8 60 

McNEILL (BEDFORD). McNeill's Code. Arranged 
to meet the requirements of Mining, Metallurgical 
and Civil Engineers, Directors of Mining, Smelt- 
ing and other Companies, Bankers, Stock and Share 
Brokers, Solicitors, Accountants, Financiers, and 
General Merchants. Safety and Secrecy. 8vo, cloth. 6 00 
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MERRILL (Col. WM. E., U. S. A.). Iron Truss 
Bridges for Railroads. The method of caicul ting 
strain* in Trusses, with a careful comparison of the 
motor mineiit Trusses, in reference t > economy in 
combi ation, ttc. Illustrated. 4to, cloth. Fourth 
Editi n 500 

METAL TURNING. By a Foreman Pattern Maker. 
Illustrated w ith 81 c ngravi • gs . 12mo, cloth 1 60 

MINIFIE (WM.). Mechanical Drawing. A Text- 
bo k f Geometrical Draw ng for the use of Mechanics 
and Schools, in which he Definitions and Rules of 
Geo 'm try > re famiiarly explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in i heir description technicalities 
are avoided as mu h as possible. With illustrations 
for Draw ng PI mis. Sections, and Elevations of Rail- 
ways and Machinery; an Introduction to Isometric <1 
Drawing, a d an Essay on Linear Perspective and 
Shadows Illustrated witn over 200 diagrams 
engraved on steel. Ninth tr ousand. With a < appen- 
dix on the Theory and Application of Colors. 8vo, 
cloth 4 00- 

Geom trical Drawing. Abridged from the Octavo 

€ dition, for the us -* of schools. Illus rated with 48 
steel plates. Ninth edition. 12mo, cloth 2 00- 

MODERN METEOROLOGY. A Series of Six 
Lectu es, delivered under the ausrJcesof the Meteor- 
ological Society in 1870. Illustrated. 12mo, cloth . 1 50 

MOREING (C. A.), and NEAL (THOMAS). Tele- 
graphic Mioiog Co e Alpha tetically arranged. 
Second edition. 8vo, cloth 8 40 

MORRIS (E.). Easy Rules for the Measurement of 
Earthworks by means «.f the Prism oidal Formula. 
8vo, cloth. Illustrated 150 

MOSES (ALFRED J.), and PARSONS, C. L. Ele- 
ments of Mineralogy, Crystallography and Blowpipe 
Analysis from a practical standpoint. Second 
thousand. 8vo, cloth. 800 illustrations net 2 00 

MOSES (ALFRED J.). The Characters of Crystals. 
, An Introduction to Physical Crystallography, con- 
taining 821 Illustrations and Diagrams. 8vo, 211 
pp net 2 00 



24 D. VAN NOSTRAND COMPANY'S 



MOELLEB (F. C. O.)- Krupp's Steel Works. With 
88 illustrations. By Felix Schmidt and Montan. 
Authorized Translation from the Go man. 4to, 
cloth (In Press.) 

MUIXIN (JOSEPH P., M. E.). Modern Moulding 
and Pattern-Making. A Practical Treatise upon 
Pattern Shop and Foundry Work; em racing the 
Moulding of Pulleys, Spur Gears, Worm Gears, Bal- 
ance-Wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves, Tool Work, Mining Machin- 
ery, Screw Propellers. Pattern-Shop Machinery, and 
the latest improvements in English and American 
Cupolas; together with a large collection of original 
ana carefully selected Rules and Tables for every- 
day use in the Drawing Office, Pattern-Shop and 
Foundry. 12mo, cloth. Illustrated 2 60 

MUNRO (JOHN C. E.), and JAMIE SON 
ANDREW C. E. A Pocket-book of Electrical 
Rules and Tables for the use of Electricians and 
Engineers. Thirteenth edition, revised and enlarged. 
With numerous diagrams. Pocket size. Leather.. 2 50 

MURPHY (J. G., M. E.). Practical Mining. A 
Field Manual for Mining Engineers. With Hints for 
Investors in Mining Properties. 16mo, morocco 
tucks * 100 

NAQUET (A.). Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings, 
Adulteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D., with a preface by C. F. 
Chandler, Ph. D., M. D. t LL. D. 12mo, cloth 2 00 

NASMITH (JOSEPH). The Student's Cotton Spin- 
ning. Third edition, revised and enlarged. 8vo, 
cloth. Gl&t pages. 250 Illustrations 3 00 

NEWALL (JOHN W.). Plain Practical Directions 
for Drawing, Sizing and Cutting Bevel- Gears, show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutter so as to give them a correct 
shape from end to end; and showing how to get out 
all particulars for the Workshop without making < 
any Drawings. Including a Full Set of Tables of 
Reference. Folding plates, ttvo, clo h 1 60 
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NEWCOMB (EDWARD W.). Stepping Stones to 
Photography. 12mo, cloth. Illustrated. N. Y . 1899. 

(In Press.) 

NEWLANDS (JAMES). The Carpenters* and Join- 
ers 1 Assistant: being a Comprehensive Treause on 
the Selection, Preparation and Strength of Mate- 
rials, and the Mechanical Principles of Framing. 
Illustrated. Folio, half morocco 15 00 

NIPHER (FRANCIS E., A. M.). Theory of Mag- 
netic Measurements, with an appendix on the 
Metnod of Least Squares. 12mo, cloth 1 00 

NO AD (HENRY M.). The Students' Text-Book of 
Electricity. A new edition, carefully revised. With 
an Introduction and additional chapters by W. H. 
Preeoe. With 471 illustrations. 12mo, cloth 4 00 

NUGENT (E.). Treatise on Optics; or, Light and Sight 
theoretically and practically treated, with the appli- 
cation to Fine Art and Industrial Pursuits, with 
303 illustrations. IZmo, cloth 1 50 

O'CONNOR (HENRY). The Gas Engineer's Pocket- 
Book. Comprising Tables, Notes and Memoranda; 
relating to the Manufacture, Distribution and Use 
of Coal Gas and the Construction of Gas Works. 
12mo, full leather, gilt edges 8 50 

OUDIN (M. A.). Standard Polyphase Apparatus and 
Systems. Fully illustrated 3 00 

j PAGE (DAVID). The Earth's Crust, A Handy Out- 

1 line of Geology, ltimo, cloth 75 

PALAZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric Light- 
ing. Authorized translation from the French, by 
George W. Patterson, Jr. Second edition, revised. 
8vo, cloth. Illustrated 4 00 

PARSHALL (H. F.), and HOBABT H. M. 
Armature Windings of Electric Machines. With 140 
! full page plates, 65 tables, and 105 pages of descrip- 
• tive letter-press. 4to, cloth 7 50 

i PARSHALL (H. P.), and EVAN PARR/. 
Electrical Equipment of Tramways (In Press.) 

| PEIRCE (B.). System of Analytic Mechanics. 4to, 

cloth 10 00 

— Linear Associative Algebra. New edition, with 
i addenda and notes, by C.L. Pierce. 4to, cloth ... 4 00 
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PERRINE (F. A. C, A. M., I>. SO. Conductors 
for Electrical Distribution; their Manufacture and 
Materials, the Calculation of Circuits, Pole One 
Construction, Underground Working and other Uses. 

(In Press.) 

PERRY (JOHN). Applied Mechanics. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8vo, cloth. 650 pages., net 2 50 

PHILLIPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise *Vr the use of Analytical Chem- 
ists, Engineers, Iron Masters, Iron Founders, 
students and others. Comprising methods of Analy- 
sis and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Exam- 
ples and Suggestions. 314 illustrations. Second 
edition, revised and enlarged. 8vo, cloth 4 00 

PICKWORTH (CHAS. N.;. The Indicator Hand- 
book. A Practical Manual for Engineers. Part I. 
The Indicator: Its Construction and Application. 81 
illustrations. 12mo, cloth 1 60 



The Slide Rule, A Practical Manual of Instruc- 



tion for all Users of the Modern Type of Slide Rule, 
exhibiting the Application of the Instrument to the 
Everyday Work of the Engineer,— Civil, Mechanical 
and Electrical. 12mo, flexible cloth. Fifth edition. 80 

PLANE TABLE (THE). Its Uses in Topographical 
Surveying. From the Papers of the United States 
Coast Survey. Illustrated. 8vo, cloth 2 00 

PLANTE (GASTON). The Storage of Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 89 
illustrations. 8vo 4 00 

PLATTNER. Manual of Qualitative and Quantitative 
Analysis with the Blow Pipe. From the last German 
edition, revised and enlarged, by Prof. Th. Richter, 
of the Royal Saxon Mining Academy. Translated 
by Prof. H. B. Cornwall, assisted by John H. Cas- 
well. Illustrated with 87 wood cuts and one litho- 
graphic plate. Seventh edition, revised. 6b0 pages. 
8vo, cloth 5 00 
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PLYMPTON (Prof. GKO. TV.). The Blow Pipe. A 
Guide to its use in the Determination of Salts and 
Minerals. Compiled from various sources. 12mo, 
cloth 1 60 

The Aneroid Barometer: its Construction and 

Use. Compiled from several sources. Fourth 

edition. 16mo, boards. Illustrated 60 

Morocco 100 

POCKET LOGARITHMS, to Four Places of Deci- 
mals, including Logarithms of Numbers, and Loga- 
rithmic Sines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents 16mo, boards. 60 

POPE (F. I,.). Modern Practice of the Electric Tele- 
graph. A Technical Handbook for Electricians, 
Managers and Operators. Fifteenth edition, rewrit- 
ten and enlarged, and fully illustrated. 8vo, cloth. 1 50 

POPPLEWELL (W. C). Elementary Treatise on 
Heat and Heat Engines. Special y adapted for 
engineers and students of engineering, l&no, cloth. 
Illustrated 3 00 

POWLES (H. H.). Steam Boilers (In Press.) 

PRAT (Jr., THOMAS). Twenty Years with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulae. 
Illustrated. 8vo, cloth 2 60 

— Steam Tables and Engine Constant. Compiled 
from Regnault, Rankineand Dixon directly, making 
use of the exact records. 8vo, cloth 2 00 

PRACTICAL IRON FOUNDING. By the Author 
of "Pattern Making,'* &c, &c. Illustrated with 
over one hundred engravings. 12mo, cloth 1 60 

PREECE (W. H.). Electric Lamps (In Press.) 

PREECE (W. H.), and STUBBS, A. T. Manual 
of Telephony. Illustrations and plates. 12mo, cloth. 4 50 

PREMIER CODS. (See Hawk, Wm. H.) 

PRESCOTT (Prof. A. B.). Organic Analysis. A 
Manual of the Descriptive and Analytical Chemistry 
of certain Carbon Compounds in Common Use: a 
Guide in the Qualitative and Quantitative Ana'vsis 
of Organic Materials in Commercial and Phanaa- 
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ceutical Assays, in the estimation of Impurities 
under Authorized Standards, and in Forensic Exam- 
inations for Poisons, with Directions for Elementary 
Organic Analysis. Fourth edition. 8vo, cloth 5 00 

PRE8COTT (Prof. A. B.). Outlines of Proximate 
Organic Analysis, for the Identification, Separation, 
and Quantitative Determination of the more com- 
monly occurring Organic Compounds. Fourth edi- 
tion, ltfmo, cloth 1 76 



First Book in Qualitative Chemistry. Eighth 



edition. 12mo, cloth 160 



and Otis Coe Johnson. Qualitative Chemical 



Analysis. A Guide in the Practical Study of Chem- 
istry and in the work of Analysis. Fourth fully 
revised edition. With Descriptive Chemistry 
extended throughout 8 60 

PRITCHARD (O. G.). The Manufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 60 

PULLEN (W. W. F.). Application of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 12mo, cloth. Illustrated. 

net 2 60 

PULSIFER (W. H.). Notes for a History of Lead. 
8vo, cloth, gilt tops 4 00 

PYNCHON (Prof. T. R.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and High Schools. Illustrated with numerous 
engravings, and containing copious experiments 
with directions for preparing them. New edition, 
revised and enlarged, and illustrated by 269 illustra- 
tions on wood. 8vo, cloth 8 00 

RADFORD (Lieut. CYRUS S.}. Handbook on 
Naval Gunnery. Prepared by Authority of the Navy 
Department. For the use of U. S. Navy, U. 8. 
Murine Corps and U. S. Naval Reserves. Revised 
and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N Third edition. 12mo, flexible leather. 2 00 

RAFTER (GEO. W.). and M. N. BAKER. Sew- . 

age Disposal in the United States. Illustrations and 
** folding plates. Second edition. 8vo, cloth 6 00 

RAM (GILBERT S.). The Incandescent Lamp and 
its Manufacture. 8vo, cloth 8 00 
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RANDALL (J. E.). A Practical Treatise on the 
Incandescent Lamp. Illustrated. 16mo, cloth 60 

RANDALL (P. M .). Quartz Operator's Hand-book. 
New edition, revised and enlarged, fully illustrated. 
12mo. cloth 2 00 

RANKINE (W. J. MACQUORN.) Applied Mechan- 
ics. Comprising the Principles of Statics and Cine- 
matics, and Theory of Structures, Mechanism, and 
Machines. With numerous diagrams. Fifteenth 
edition. Thoroughly revised by W. J. Millar. 8vo, 
cloth 500 



Civil Engineering. Comprising Engineering Sur- 



veys, Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Roads, Railways, Canals, Rivers, 
Water Works, Harbors, etc. With numerous tables 
and illustrations. Twentieth edition. Thoroughly 
revised by W. J. Millar. 8vo, cloth. 6 60 

— Machinery and Millwork. Comprising the Geom- 
etry, Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 
800 wood cuts. Seventh edition. Thoroughly revised 
by W. J. Millar. 8vo, cloth 6 00 



The Steam Engine and other Prime Movers. 



With diagram of the Mechanical Properties of 
Steain-folding plates, numerous tables and illustra- 
tions. Thirteenth edition. Thoroughly revised by 
W.J.Millar. 8vo, cloth .6 00 



Useful Rules and Tables for Engineers and 



Others. With appendix, tables, tests, and formulae 
for the use of Electrical Engineers. Comprising 
Submarine Electrical Engineering, Electric Lighting, 
and Transmission of Power. By Andrew Jamieson, 
C. E., F. R S. E. Seventh edition. Thoroughly 
revised by W. J. Millar. Crown 8vo, cloth 4 00 



A Mechanical Text-Book. By Prof. Macquorn 



Rankine and E F. Bamber, C. E. With numerous 
illustrations. Fourth edition. 8vo, cloth 3 50 

BAPH4FL (F. €.)• Localisation of Faults in Electric 
Light Mains. 8vo, cloth ... 2 00 

EECKENZAUN (A.). Electric Traction on Railways 
and Tramways. 218 illustrations. 12mo, cloth 4 00 
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BEED'S ENGINEERS' HAND-BOOK to the 

Local Marine Board Examinations for Certificates 
of Competency as First and Second Class Engineers. 
By W. H. Thorn. With the answers to the Elemen- 
tary Questions. Illustrated by 2«7 diagrams and 96 
large plates. Sixteenth edition, revised and 
enlarged. 8to, cloth 5 00 

Key to the Sixteenth Edition of Reed's 

Engineer's Hand-book to the Board of Trade Exami- 
nations for First and Second Class Engineers and 
containing the working of all the questions given in 
the examination papers By W. H Thorn. 8vo, 
cloth 300 



Useful Hints to Sea-going Engineers, and How to 



Repair and Avoid " Break Downs; " also Appendices 
Containing Boiler Explosions, Useful Formulae, 
etc. With 36 diagrams and 4 plates. Second edition, 
revised and enlarged. 12mo, cloth 1 40 



Marine Boilers: A Treatise on the Causes and 



Prevention of their Priming, with Remarks on their 
General Management. Illustrated. 12mo, cloth... 2 00 

EEINHARDT (CHAS. W.). Lettering for Drafts- 
men, Engineers and Students. A Practical System 
of Free-hand Lettering for Working Drawings. 
Fourth thousand. Oblong, boards 1 00 

BICE (J. M.)., and JOHNSON, W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian 
Conception of Rates or Velocities. IZmo, paper 60 

BINGWALT (J. L.). Development of Transporta- 
tion Systems in the United States, Comprising a 
Comprehensive Description of the leading features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco. . 7 60 

BIPPEB (WILLIAM). A Course of Instruction in 
Machine Drawing and Design for Technical Schools 
and Engineer Students. With 52 plates and numer- 
ous explanatory engravings. Folio, cloth 6 00 

ROEBLING (J. A,). Long and Short Span Railway 
Bridges. Illustrated with large copperplate <* 
engravings of plans and views. Imperial folio, 
cloth 8600 
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ROGERS (Prof. H. D.). The] Geology of Pennsyl- 
vonia. A Government Survey, with a General View 
of the Geology of the United States, essays on the 
Coal Formation and its Fossils, and a description of 
the Coal Fields of North America and Great 
Britain. Illustrated with plates and engravings In 
the text. 3 vols., 4to, cloth, with portfolio of maps. 15 00 

ROSE (JOSHUA, M. E.). The Pattern Makers* 
Assistant. Embracing Lathe Work, Branch Work, 
Core Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with a 1 orge collection of useful and valu- 
able Tables. Eighteenth edition. Illustrated with 
250 engravings. 8vo, cloth 2 50 

— Key to Engines and Engine-running.. A Practical 
Treatise upon the Management of Steam Engines 
and Boilers for the Use of Those who Desire to Pass 
an Examination to Take Charge of an Engine or 
Boiler. With numerous illustrations, and Instruc- 
tions Upon Engineers' Calculations, Indicators, 
Diagrams, Engine Adjustments, and other Valuable 
Information necessary for Engineers and Firemen. 
12mo,cloth 250 

SABINE (ROBERT). History and Progress of the 
Electric Telegraph. With descriptions of seme of 
the apparatus. Second edition, with additions. 
12mo, cloth 1 25 

SAELTZER (ALEX.). Treatise on Acoustics in con- 
nection witn Ventilation. 12mo, cloth 100 

SALOMONS (Sir DAVID, M. A.). Electric Light 
Installations. A Practical Hand-book. Eighth 
edition, revised and enlarged, with numerous illus- 
trations. Vol. I. The management of Accumula 

tors. i2mo, cloth... . 150 

Vol. II., Apparatus, 296 Illustrations. 12mo, cloth 2 25 
Vol. III., Applications. 1^ mo, cloth 150 

SANFORD (P. GERALD). Nitro-Explosives. A 
Practical Treatise concerning the Properties, Manu- 
facture and Analysis of Nitrated Substances, includ- 
ing the Fulminates, Smokeless Powders and Cellu- 
loid. 8vo, cloth, 270 pages 8 00 

8AUNNIER (CLAUDIUS). Watchmaker's Hand- 
book. A Workshop Companion for those engaged 
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in Watchmaking and allied Mechanical Arts. Trans- 
lated by J. Tripplin and E Bigg. Second edition, 
revised with appendix. 12mo, cloth 8 60 

SCHELLEN (Dr. H.). Magneto-Electric and Dynamo- 
Electric Machines: their Construction and Practical 
Application to Electric Lighting, and the Transmis- 
sion of Power. Translated from the third German 
edi'ion, by N. S. Keith and Percy Neymann, Ph. D 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. I., with 853 
illustrations. Second edition » . 6 00 

SCHUMANN (F.>. A Manual of Heating and Venti- 
lation in its Practical Application, for the use of 
Engineers and Architects. Embracing a series of 
Tables and Formulae for dimensions of heating, flow 
and return pipes for steam and hot water boilers, 
flues, etc. 12mo, illustrated, full roan 1 60 

SCRIBNER (J. M.). Engineers' and Mechanics 1 
Companion. Comprising United States Weights and 
Measures. Mensuration of Superflces and Solids, 
Tables of Squares and Cubes, Square and Cube Boots, 
Circumference and Areas of Circles, the Mechanical 
Powers. Centres of Gravity, Gravitation of Bodies, 
Pendulums, Specific Gravity of Bodies, Strength, 
Weight, and Crush of Materials, Water-Wheels, 
Hydrostatics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables of the 
Weight of Metals, Scantling, etc., Steam and the 
Steam Engine. Twentieth edition revised. 16mo, 
full morocco 1 50 

SEATON (A. E.). A Manual of Marine Engineering. 
Comprising the Designing, Construction and Work- 
ing of Marine Machinery. With numerous tables 
and illustrations reduced from Working Drawings. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. 8vo., 
cloth 6 00 

and ROUNTHWAITE ( W. M.). A Pockets 

book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects, 
Designers, Draughtsmen, Superintendents, and all 
engaged in the design and construction of Marine 
Machinery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket size. Leather, with 
diagrams. Reprinting. 
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SEXTON (A. HUMBOLDT). Fuel and Refractory 
Materials. 8vo, cloth 2 00 

SHIELDS (J. E.). Notes on Engineering Construc- 
tion Embracing Discussions of the Principles 
involved, and Descriptions of the Material employed 
in Tunnelling, Bridging, Canal and Road Building, 
eta 12mo, cloth 160 

SHOCK (WM. H.). Steam Boilers: Their resign, 
Construction and Management. 4to, half morocco. 15 00 

8HREVE (S. H.). A Treatise on the Strength of 
Bridges and Roofs. Comprising the determination 
of Algebraic formulas for strains in Horizontal, 
Inclined or Rafter, Triangular, Bowstring, Lenticu- 
lar 1 , and other Trusses, from fixed and moving loads, 
with practical applications and examples, for the 
use of Students and Engineers. 87 woodcut illus. 
Fourth edition. 8vo, cloth 3 60 

SHUNK (W. F.). The Field Engineer. A Handy 
Book of practice in the Survey, Location, and Truck- 
work of Railroads, containing a large collection of 
Rules and Tables, original and selected, applicable 
to both the Standard and Narrow Gauge, and pre- 
pared with special reference to the wants of the 
young Engineer. Eleventh edition, revised and 
enlarged. 12mo, morocco, tucks 2 50 

SIMMS (F. W.). A Treatise on the Principles and 
Practice of Levelling. Showing its application to 
purposes of Railway Engineering, and the Con- 
struction of Roads, etc. Revised and corrected, 
with the addition of Mr. Laws 1 Practi al Examples 
for setting cut Railway Curves. Illustrated. 8vo, 
cloth 2 60 

SIMMS (W. F.). Practical Tunnelling. Fourth edition, 
revifed and greatly extended. With additional 
chapters illustrating recent practice by D. Kinnear 
Clark. With 36 plates and other illustrations. Im- 
perial 8vo, cloth 12 0C 

SLATER (J. W.). Sewage Treatment, Purification, 
and Utilization. A Practical Manual for the UVe of 
Corporations, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances, Chemists, Manu- • 
facturers, Riparian Owners, Engineers, and Rate- 
payers, 12mo, cloth 9 26 
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SMITH (ISAAC W., C. E.). The Theory of Deflec- 
tions and of Latitudes and Departures. With special 
applications to Curvilinear Surveys, for Alignments 
of Railway Tracks. Illustrated. 16mo, morocco, 
tucks 8 00 

SNELL (ALBION T.). Electric Motive Power: The 
Transmission and Distribution of Electric Power by 
Continuous and Alternate Currents With a Section 
on the Applications of Electricity to Mining Work. 
Second edition. 8vo, cloth, illustrated 4 00 

SPEYERS (CLARENCE! L.). Text-Book of Physi- 
cal Chemistry. 8vo, cloth 3 26 

STAHL (A. W.), and A. T. WOODS. Elementary 
Mechanism. A Text-Book for Students of Mechanical 
Engineering. Fourth edition, enlarged. 12mo, 
cloth 2 00 

STALEST (CADY), and PIERSON, GEO. S. The 

Separate System of Sewerage: its Theory and Con- 
struction. Third edition, revised. 8vo, cloth. With 
maps, plates and illustrations 8 00 

STEVENSON (DAVID, F.R.S.N.Y. The Principles 
and Practice of Canal and River Engineering. Re- 
vised by his bods David Alan Stevenson, B. Sc, F. R. 
S.E., and Charles Alexander Stevenson, B. Sc., F.R. . 
8.E., Civil Engineer. Third edition, with 17 plates, 
8vo, cloth 10 00 

The Design and Construction of Harbors, A 

Treatise on Maritime Engineering. Third edition 
with 24 plates, 8vo, cloth 9 00 

STEWART (B. W.). A Text Book of Light, Adapted 
to the Requirements of the Intermediate Science 
and Preliminary Scientific Examinations of the Uni- 
versity of London, and also for General Use, 
Numerous Diagrams and Examples. 12mo, cloth. . 1 00 

STEWART (R. W.). A Text Book of Heat, Illus- 
trated, 8vo, cloth 1 00 

A Text Book of Magnetism and Electricity, 160 

Illus. and Numerous Examples. 12mo, cloth 1 00 

STILES (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all 
the functions of a one degree curve, from which a 
corresponding one can be found for any required 
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degree. Also, Tables of Natural Sines and Tangents. 
12mo, morocco, tucks 2 00 

8TIIXMAN (PAUL). Steam Engine Indicator and 
the Improved Manometer Steam and Vacuum 
Gauges; their Utility and Application. New edition. 
12mo, flexible cloth 1 00 

STONE (General ROY). New Roads and Road Laws 
in the United States. 200 pages, with numerous 
illustrations. 12mo, cloth 1 00 

STUART (C. B., U. *. N.). Lives and Works of Civil 
and Military Engineers of America. With 10 steel- 
plate engravings. 8vo, cloth 5 00 

The Naval Dry Docks of the United States. Illus- 
trated with 24 fine Engravings on Steel. Fourth 
edition. 4to, cloth.. 6 00 

S WINTON (ALAN A. CAMPBELL). The Elemen- 
tary Principle of Electric Lighting. Illustrated. 
12mo,cloth 60 

TEMPLETON (WM.), The Practical Mechanic's 
Work-shop Companion. Comprising a great variety 
of the most useful rules and formulae in Mechanical 
Science, with numerous tables of practical data and 
calculated results facilitating mechanical opera- 
tions. Revised and enlarged by W. S. Hutton. 
12mo, morocco 2 00 

THOM (CHAS.), and WILLIS H. JONES. Tele- 
graphic Connections: embracing Recent Methods in 
Quadruples Telegraphy. Oblong, 8vo, cloth. 20 full 
page plates, some colored 1 60 

THOMPSON (EDWARD P., M. E.). How to 
Make Inventions; or. Inventing as a Science and an 
Art. A Practical Quide for Inventors. Second 
edition. 6vo, boards . 1 00 

Roentgen Rays and Phenomena of the Anode and 

Cathode Principles, Applications and Theories. 
For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. 
Pignolet, N. D. C. Hodges, and Ludwig Gutmann, E. 
E. With a Chapter on Generalizations, Arguments, 
Theories, Kindred Radiations and Phenomena. By 
Professor Wm. Anthony. 8vo, cloth. 60 Diagrams, 
40 Half tones 1 50 
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TODD (JOHN), and W. B. WHALL. Practical 
Seamanship for Use in the Merchant Service: Includ- 
ing all ordinary subjects; also Steam Seamanship, 
Wreck Lifting, Avoiding Collision, Wire Sp Icing, Dis- 

Elacement, and everything necessary to be known 
y seamen of the present day. Second edition, with 
247 illustrations and diagrams. 8vo, cloth 8 40 

TOOTHED GEARING. A Practical Hand-book for 
Offices and Workshops. By a Foreman Pattern- 
maker. 184 Illustration* . 12mo, cloth 2 26 

TRATMAN (E. E. RUSSELL). Railway Track and 
Track Work. With over two hundred illustrations. 
8vo, cloth 3 00 

TRETERT (EDWARD). How to Build Dynamo 
Electric Machinery, embracing Theory Designing 
and Construction of Dynamos and Motors. With 
appendices on Field Magnet and Armature WindiDg, 
Management of Dynamos and Motors, and Useful 
Tables of Wire G-uges. Illustrated. 8vo, cloth 2 50 

Electricity and its Recent Applications. A Prac- 
tical Treatise for Students and Amateurs, with an 
Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. 12mo, cloth 2 00 

TUCKER (Dr. J. H.). A Manual of Sugar Analysis, 
including the Applications in General of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Chemistry of Cane Sugar. Dextrose, 
Levulose, and Milk Sugar. 8vo, cloth. Illustrated. 8 06 

TUMLIRZ (Dr. O.). Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the German by D. Robert- 
son. Illustrated. 12mo, cloth 125 

TUNNER (P. A.). Treatise on Roll-Turning for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
with numerous engravings, wood-cuts. 8vo, cloth, 
with folio atlas of plates 10 00 

URQUHART (J. W.). Electric Light Fitting. Em- 
bodying Practical Notes on Installation M anagement. 
A Hand-book for Working Electrical Engineers— 
with numerous illustrations. 12mo, cloth 2 00 

Electro-Plating. A Practical Hand-book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminum, Platinum, etc. Fourth edition. 12mo. . 2 00 
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UBQUHART, (J. W.). Dynamo Construc-tion : a 
Practical Hand book for the Use of Eugineer Con- 
Btructors and Electricians in Charge, embracing 
Frame Work Building, Fi**ld Magnet and Armature j 
Winding and Grouping, Compounding, etc., with 
Examples of Leading English, American and Con* \ 
tinental Dynamos and Motors, with numerous illus- > 
rations. 12mo, cloth 3 00 

Electric Ship Lighting. A Hand-book on the 

Practical Fitting and Running of Ship's Electrical 
Plant. For the Use of Ship Owners and Builders, 
Marine Electricians and Sea Going Engineers-in- 
Charge. Numerous illustrations. 12mo, cloth — 3 00 

UNIVERSAL TELEGRAPH CIPHER CODE. | 

Arranged for General Correspondence. 12mo, cloth. 1 00 , 



TAN NOSTRAND'S ENGINEERING MAGA- 
ZINE. Complete sets. 1869 to 1886 inclusive. I 

Complete sets, 35 vols., in cloth 60 00 , 

Complete sets, 35 vols., in half morocco 100 00 

TAN WAGENEN (T. F.). Manual of Hydraulic ! 
Mining. For the Use of the Practical Miner. 
Revised and enlarged edition. 18mo, cloth 1 00 

WALKER (SIDNEY F.). Electric Lighting for 
Marine Engineers, or How to Light a Ship by the 
Electric Light and How to Keep the Apparatus in < 
Order. 108 illustrations. 8 vo, cloth. Second edition. 2 00 

WAXLIS-TAYLER (A. J.). Modern Cycles. A 

Practical Hand-book on their Construction and ! 
Repair. With 300 illustrations. 8vo, cloth 4 00 , 

Motor Cars, or Power Carriages for Common i 
Roads. 8 vo, cloth, with numerous illustrations. 180 

— Bearings and Lubrication. A Hand book for j 
every user of Machinery. 8vo, cloth, fully illu*- I 
trated 160 

Refrigerating and Ice-Making Machinery. A ; 
! Descriptive Treatise for the use of persons employ- 
ing refrigerating and ice-making installations and 
others. 8vo, cloth. Illustrated 3 00 

! •— Sugar Machinery. A Descriptive Treatise, Devoted 
to the Machinery and Apparatus used in the Manu- 
facture of Cane and Beet Sugars. 12mo, cloth. 
Plus' rated 2 00 
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WANKLYN (J. A.). A Practical Treatise on the 
Examination of Milk and its Derivatives, Cream, 
Butter, and Cheese. 12mo, cloth 1 00 

Water Analysis. A Practical Treatise on the 

Examination of Potable Water. Tenth Edition. 
12mo, cloth 2 00 

WANSBROUGH (WM. D.). The A. B. C. of the 

Differential Calculus. 12mo, cloth 1 50 

WARD (J. H.). Steam for the Million. A Popular 
Trea'ise on Sream, and its application to the Useful 
Arts, especially to Navigation. 8vo, cloth 1 00 

WARING (GEO. E., Jr.). Sewerage and Land 
Drainage. Illustrated with wood-cuts in the text, 
and full-page and folding plates Quarto. Cloth. 
Third edition 6 00 

Modern Methods of Sewage Disposal for Towns, 

Public Institutions and Isolated Houses. Seconi 
edition, revised and enlarged. 260 pages. Illus- 
trated. Cloth 2 00 

How to Drain a House. Practical Information 



for Householders. New and enlarged edition. 12mo, 
cloth 1 25 

WATSON (E. P.). Small Engines and Boilers. A 
Manual of Concise and Specific Directions for the 
Construction of Small Steam Engines and Boilers of 
Modern Types from five Horse-power down to model 
sizes. ISmo. cloth. Illustrated with Numerous Dia- 
grams and Half Tone Cuts. New York, 1899 1 25 

WATT (ALEXANDER). Electro-Deposition, A 
Practical Treatise on the Electrolysis of Gold, 
Silver, Copper, Nickel, and other Metals, with 
Descriptions of Voltaic Batteries, Magneto and 
Dynamo-Electric Machines, Thermopiles, and of the 
Materials and Processes used in every Department 
of the Art, and several chapters on Electro-Metal- 
lurgy With numerous illustrations. Third edition, 
revised and corrected. Crown, 8vo,568 pages . 3 50 

Electro-Metallurgy Practically Treated. Tenth 

edition, considerably enlarged. 12mo, cloth 100 

— The A rt of Soap-Making. A Practical Hand-book 

of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a 
Chapter on the Recovery of Glycerine from Waste 
Lev s. With illustrations. Fourth edition, revised 
and enlarged. 8vo 3 00 
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WATT (ALEXANDER). The Art of Leather Manu- 
facture. Being a Practical Hand-be ok, in which 
the Operations of Tanning, Currying, and Leather 
Dressing are Fully Described, and the Principles of 
Tanning Explained, and many Recent Processes 
Introduced. With numerous illustrations. Second 
edition. 8vo, cloth 4 00 

WEALB (JOHN). A Dictionary of Terms Used In 
Architecture, Building, Engineering, Mining, Metal- 
lurgy. Archaeology, the Fine Arts etc., with explana- 
tory observations connected with applied Science 
and Art. Fifth edition, revised and corrected. 12mo, 
cloth 260 

Weale's Rudimentary Scientific Series (Catalogue 

sent on application). 

WEBB (HERBERT LAWS). A Practical Guide to 
the Testing of Insulated Wires and Cables. Illus- 
trated. 12mo, cloth 1 00 

The Telephone Hand-book. 128 illustrations. 

146pages. 16mo, cloth 100 

WEEKES (R. W.). The Design of Alternate Current 
Transformers. Illustrated. 12mo, cloth 1 00 

WEISBACH (JULIUS). A Manual of Theoretical 
Mechanics. Ninth American edition. Translated 
from the fourth augmented and improved German 
edition, with an Introduction to the Calculus by 
Eckley B. Coxe, A. M., Mining Engineer. 1.100 pages, 

and 902 wood-cut illustrations. 8vo, cloth 6 00 

Sheep 7 50 

WESTON (EDMUND B.). Tables Showing Loss of 
Head Due to Friction of Wattr in Pipes. Second 
edition. 12mo, cloth 1 50 

WEYMOUTH (F. MARTEN). Drum Armatures 
and Commutators. (Theory and Practice.) A com- 

Blete Treatise on the Theory and Construction of 
rum Winding, and of commutators for closed-coil 
armatures, together with a full resume of some of 
the principal points involved in their design, and an 
exposition of armature re-actions and sparkiDg. 
8vo, cloth 3 00 

WEYRAUCH (J. J.). Strength end calculations of 
Dimensions of Iron and Steel Construction, with 
reference to the Latest Experiments. 12mo, cloth, 
plates 1 00 
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WHEELER (Prof. J. B.). Art of War. A Course 
of Instruction in the Elements of the Art and 
Science of War, for the Use of the Cadets of the • 
United States Military Academy, West Point, N. Y. 
12mo, cloth 1 76 

Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cauets of the United 
States Military Academy, West Point, N. Y. 12mo. 1 75 

WHIPPLE (S., C. E.). An Elementary and Practical 
Treatise on Bridge Building. 8vo, cloth 3 00 

WILKINSON (H. D.). Submarine Cable-Laying, 
Repairing and Testing. 8vo, cloth 4 00 

WILLIAMSON (K. S.). On the U?e of the Barome- 
ter on Surveys and Reconnoi&ances. Part 1 Mete- 
orology in its Connection with Hypsometry. Part £L 
Barometric Hypsometry. With illustrative tables 
and engravings, 4 to, cioth 15 00 

WILLIAMSON (E. S.). Practical Tables in Meteo- 
rology and Hpsometry, in connection with the use 

of the Barometer. 4to, cloth 2 50 

WILSON (GEO.). Inorganic Chemistry, with New 
Notation. Revised and enlarged by H. G. Madan. 
New edition. l2uio, cloth 2 00 

WOODBUKY (D. V.). Treatise on the Various Ele- 
ments of Stability in the Weil-Proportioned Arch. 
8vp, half morocco 4 00 

WRIGHT (T. W.). A Treatise on the Ad justment of 
Observations. With applications to Geodetic Work, 
and other Measures of Precision. 8vo, cloth 4 00 

Elements of Mechanics; including Kinematics, 

Kinetics and Statics. V\ ith application. 8vo, cloth.. 2 50 

WYLIE (CLAUDE). Iron and Steel Founding. Illus- 
trated with 39 dit grams. Second edition, revised 
and enlarged, fevo, cloth... 2 00 

WYNKOOP (RICHARD). Vessels and Voyages, as 
Regulated by Federal Statutes and Treasury 
Instructions and Decisions. 8vo, cloth 2 00 

YOUNG (J. ELTON). Electrical Testing for Tele- 
graph Engineers, with Appendices consisting of 
Tables. 8vo, cloth. Illustrated 4 00 

YOUNG SEAMAN'S MANUAL. Compiled from 
Various Authorities, and Illustrated with Numerous 
Original and Select Designs, for the Use of the 
United States Training Ships and the Marine 
Schools. 8vo, half roan 3 00 



THE VAJT NOSTRAND SCIENCE SERIES. 

N6. 60.-STRENGTH OF WROUGHT-IRON BRIDGE MEM- 
BERS. By S. W. Robinson, C.E. 

NO. 61.— POTABLE WATER AND METHODS OF DETECT- 
ING IMPURITIES. By M. N. Baker. 

No. e&-*TH!E THEORY OF THE GAS - ENGINE. By 
Dougald Clerk. Second edition. With additional 
matter. Edited by F. E. Idell, M.E. 

MO. «.— HOUSE DRAINAGE AND SANITARY PLUMB- 
ING. By W. P. Gerhard. Sixth edition. Re- 
vised. 

No. 64.— ELECTRO-MAGNETS. By A. N. Mansfield. 

Mo. 65.— POCKET LOGARITHMS TO FOUR PLACES OP 
DECIMALS. 

Mo. W.— DYNAMO-ELECTRIC MACHINERY. By S. P. 
Thompson. With notes by F. L. Pope. Third 
edition. 

Mo. 6?.— HYDRAULIC TABLES BASED ON " KUTTER'S 
FORMULA." By P. J. Flynn. 

Mo. 68.-STEAM-HEATING. By Robert Briggs. Third 
edition, revised, with additions by A. R. Wolff. 

No. 69.— CHEMICAL PROBLEMS. By Prof. J. C. Foye. 

Third edition, revised and enlarged. 

No. 70.— EXPLOSIVE MATERIALS. John P. Wisser. U. S. A. 

No. 71.— DYNAMIC ELECTRICITY. By John Hopkinson, 
J. N. Shoolbred, and R. E. Day. 

Mo. TO.— TOPOGRAPHICAL SURVEYING. By George J. 
Specht, Prof. A. S. Hardy, John B. McMaster, and 
H. F. Walling. 

No. 78.— SYMBOLIC ALGEBRA; OR, THE ALGEBRA OF 
ALGEBRAIC NUMBERS. By Prof. W. Cain. 

Mo. 74.— TESTING MACHINES : THEIR HISTORY, CON- 
STRUCTION, AND USE. By Arthur V. Abbott. 

Ma 711.— RECENT PROGRESS IN DYNAMO-ELECTRIC 
MACHINES. Being- a Supplement to Dynamo- 
Electric Machinery. By Prof. Sylvanus P. 
Thompson. 

No. 76.— MODERN REPRODUCTIVE GRAPHIC PRO- 
CESSES. By Lieut. James S. Pettit, U.S.A. 

No. 77.— STADIA SURVEYING. The Theory of Stadia 
Measurements. By Arthur Winslow. 

No. 78.— THE STEAM-ENGINE INDICATOR, AND ITS 
USE. By W. B. Le Van. 

Mo. 79.— THE FIGURE OF THE EARTH. By Frank a 
Roberts. C.E. 

MO* 80.-HEALTHY FOUNDATIONS FOR HOUSES. By 
Glenn Brown. 
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No. 113.— PHYSICAL PROBLEMS and their Solution. By A. 
Bourgougnon, formerly Assistant at Bellevue Hos- 
pital. 

No. 1H.— MANUAL OF THE SLIDE RULE. By F. A. Halsey, 
of the American Machinist. 

No. 115.— TRAVERSE TABLES showing the difference of Lati- 
tude and Departure for distances between 1 and 100 
and for Angles to Quarter Degrees between 1 degree 
and 90 de-Tees. (Reprinted lroni Scribner's Pocket 
Table Book.) 

No. 116.— WORM AND SPIRAL GEARING. Reprinted from 
'• American Machinist. " By F. A. Halsey. 
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